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LATEX INJECTIONS by TURTOX 


Latex emulsion (liquid rubber) provides an injection medium for 
practically all forms which so far surpasses any medium previously 
used that it has already made starch and gelatine masses obsolete. A few 
of the characteristics which have made the Turtox Latex so outstanding 
are: 


1. It flows freely into even the smallest ves 7. Results equally fine in either embalmed 
or liquid preserved animals 


sels 


2. Completely fills the vessels giving a plump- 


ness not evident in other injections Provides a perfect, permanent cast of the 


blood vessels 


Sets to remain flexible and elastic. 


4. Retains full, brilliant, non-fading color. 9. Permits a freedom in dissecting that makes 
a much more accurate understanding of 


Will not stain iscolor surrounding tissue : 

ain or disco the circulatory system in less than one 

6. Not affected by formalin, alcohol or other half the time required for dissection of 
preservatives. other specimens 


Insist on Turtox Latex injected specimens. They cost no more than poorly 
injected animals. 
aes GENERAL BIOLOGICAL SUPPLY HOUSE 


UCTS Incorporated 
SS 761-763 EAST SIXTY-NINTH PLACE 


CHICAGO 
The Sign of the Turtox Pledges Absolute Satisfaction 
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ADDITION BY DISSECTION 


RosBertT C. YATES 
Louisiana State University 


In laying the groundwork for a course in the elements of Eu- 
clid we find it convenient, perhaps necessary, to establish con- 
gruence among plane polygons by “superposition.” If the poly- 
gons are not “similarly placed” then superposition requires 
movement through a third dimension, a practice that is objec- 
tionable to conformists. The principle of superposition is also 
applied to establish the equivalence! of two dissimilar polygons 
of equal area. But this seems to imply the ability to dissect the 
two polygons into parts that are congruent in pairs—and in such 
a way that no part need be moved out of the plane. 

The purpose of the present paper is to present the methods of 
dissection from this point of view and to indicate a process of ad- 
dition that arises somewhat naturally. It is hoped that much of 
the following will find its way into the high school classroom 
where it might prove a stimulation of high degree. The maxi- 
mum value herein may be realized only by constructing card- 
board* models of the various dissections. These models will be 
found not only a source of satisfaction but also an intriguing 
jig-saw puzzle to “non-mathematical”’ friends. The paper cut- 
ter or photo trimmer is just as legitimate a mathematical tool 
as the ruler itself since it does nothing more than transform into 
a cut the line that has been constructed in with straight- 
edge. and Compasses. 


1 An over-burdened word in need of restriction. 
? Colored “poster board” (about 14 ply) is excellent. 
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Certain fundamental dissections essential to later discussions 
are given under the headings I, II, and III. Many of the par- 
ticular cases listed here are given by H. M. Taylor in The Mes- 
senger of Mathematics, 1905-06. 


I. Transformation of a given triangle to one having a 


specified shape 


Let P, Q be the midpoints of the sides AB, BC of the given 
triangle A BC, figure 1. In order to transform this triangle into 


M 


Fic. 1 


one having a specified side KM, locate the point X in AC such 
that OX =(KM)/2. Cut along PX and QX and rotate the pieces 
as indicated by the arrows. A repetition of this dissection will 
produce a final triangle with two specified sides. Note that if X 
be selected so that angle AXP equals angle OXC, the resulting 
triangle is isoscles.’ 


Fic. 2 


The transformation of a triangle ABC into another upon the 
same base (AC=KM) and having a specified angle LMK, fig- 
ure 2, is given by my colleague, A. A. Aucoin. Cut along PQ, 
the medial line of ABC as shown, then along BX such that 
angle BX P equals angle LM K, and finally along AY where RY 
is parallel to BX and R is the midpoint of AC. This dissection 


3 This dissection fails if KM <(BC) sinC. But this failure can be avoided by introducing more cuts. 
Certain compatible conditions will be noticed by the reader in each of the dissections to follow. These 
are fairly obvious and no explicit mention of them is made. 
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is essential to the general theory since it implies the reduction 
of a polygon of n sides to one of (w—1) sides. For, if the given 
polygon be... ZABCD..., the triangle ABC may be trans- 
formed into the triangle ATC such that TC, for instance, is the 
prolongation of DC. Eventually, of course, this leads to a tri- 
angle of specified shape. 


IT. Transformation of a given parallelogram 
to another having a specified shape 


To transform the given parallelogram ABCD of figure 3 
into another with specified sides KN and KL, locate the point 


L M 


A 


Fic. 3 


X in BC so that DX = KN, then the point Y in DX such that 
AY=KL. The cuts along AY and DX produce three pieces to 
form the required parallelogram. The second point Y that may 
be constructed would lead to the reverse of parallelogram KLMN. 
If X falls on the extension of BC, the dissection yields more 
parts. 
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Fic. 4 


A special case is of interest. If the given parallelogram is a 
rectangle, it may be dissected in the same way to form a square, 
where DX is taken as a mean proportional between the sides of 
the rectangle. AY is then perpendicular and equal to DX. 
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A second remarkably simple method is also given by Mr. Au- 
coin: Locate X on BC so that BX is the side of the square. Cut 
along AX and produce the line to meet DC in W. Cut YZ so 
that triangles AZY and XCW are equal. Leaving the pentagon 
fixed, the other two parts are moved from lower left to upper 
right into the position shown by the dotted lines. The same 
method applies, of course, to parallelograms. 


ITI. Transformation of a quadrilateral to a triangle 


Let P, Q, R be the respective midpoints of the sides 4B, BC, 
CD of the quadrilateral of figure 5. Cut PQ, CX, RX where CX 


L 
2 


Fro. 5 


is parallel to AD. If the parts be rotated through 180° as indi- 
cated triangle KLM is formed with one side coincident with AD. 

A variation of the preceding dissection may be used to reduce 
a quadrilateral to a triangle KLM of specified shape. Let P, Q, 
R, S be the midpoints of the sides of the given quadrilateral. 
Construct the triangle QRZ similar to the desired triangle. Its 
area is one-fourth the latter and the point Z falls upon the line 


Fic. 6 
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PS. Cut along PS, QZ, and RZ, and rotate the pieces as shown. 
Those with vertices at Z are the angle pieces of KLM. With but 
minor changes, this is the dissection of a square to an equilateral 
triangle illustrated in Mathematical Snapshots by H. Steinhaus 
(Stechert, 1938), p. 7 and first proposed by H. E. Dudeney in 
the Daily Mail, February 1st and 8th, 1905. 


Fic. 7 


A particularly simple reduction of a quadrilateral to a tri- 
angle is shown in figure 7. From the midpoint P of one side of 
the quadrilateral cut to the midpoints of the other three sides. 
Rotation of the pieces as indicated produces the triangle KLM 
with one side equal to a medial line of the quadrilateral. 

The process of adding two or more given polygons by dissec- 
tion now becomes apparent. To illustrate, we choose arbitrarily 
the addition of polygons of the same species. 


N 


Fic. 8 


(1) The addition of two triangles, ABC and DEF, figure 8, 
is accomplished by the method of figure 1. By joining the two 


* See Problem 302, The National Mathematics Magazine, January 1940, p. 222. 
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we form the quadrilateral GH/JK which is reduced to the tri- 
angle XYZ in the manner of figure 5. 

(2) The addition of parallelograms, or rectangles, may be in- 
dicated by the addition of squares. First transform one square, 


F H 
B 6 
| 
+ = 5 = 
3 4 = 
A . 
el? 
Fic. 9 


AB, by the method of figure 3 (or 4) to a rectangle with one 
side equal to CD, the side of the second square. The dissection 
of this rectangle, EF, of the combined areas also follows figure 
3 to produce the square GH. 


Fic. 10 


However, the clue to a much simpler dissection is disclosed 
by the theorem of Pythagoras. Place the two given squares to 
form a right triangle as shown in figure 10. Cut perpendicular 
to the hypotenuse along AX and BZ, then parallel to the hy- 
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potenuse along X Y. These five pieces may be assembled into the 
square on the hypotenuse. 

There is the more general aspect of the theorem of Pythag- 
oras: that the area of any polygon built upon the hypotenuse 
equals the sum of the areas of similar polygons on the legs.® The 
feeling is strong that a similar clue for a simple dissection should 
present itself in such cases. 

The question of the least number of cuts or pieces to be ex- 
pected in the general transformation by dissection of one poly- 
gon to another of equal area remains open and elusive. 
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5 Still more generally, the theorem is true for any three proportional areas. 


CUNNINGHAM COMET WILL BE CONSPICUOUS 
AROUND NEW YEAR’S DAY 

Conclusive evidence that the new comet discovered recently by Leland 
S. Cunningham, of the Harvard College Observatory here, will be the most 
conspicuous since 1910 is contained in his latest calculations of its path. 
These have been made public by Dr. Harlow Shapley, director of the Har- 
vard Observatory. 

They show that in early January, the comet will be easily visible in the 
western sky for an hour or two after sunset, as it passes south of the bright 
star Altair in the constellation of Aquila, the eagle. At that time, it will 
be about as bright as Altair, and possibly even more brilliant, though it is 
somewhat uncertain just what brilliance it may attain. 

Its distance from the earth, at the beginning of 1941, will be about 
60,000,000 miles, and from the sun about 50,000,000 miles. It will be at 
its closest to the earth about Jan. 10, when some 54,000,000 miles away, 
and to the sun, with 33,000,000 miles, on Jan. 16. Between these dates it 
will be most brilliant. However, it will then be so close to the sun as to 
be seen, if at all, only in the evening twilight. Consequently, it will not 
be as conspicuous as earlier, when it has a dark background. In the closing 
days of December, the moon, in a crescent phase, will pass to the left of the 
comet. 

Though several comets in recent years were just barely visible when one 
knew where to look, this will be the first conspicuous naked eye comet since 
1910. In that year there were two: Halley’s, making one of its 75-year visits, 
and another which appeared earlier in the year, and was so bright that it 
was discovered independently in the southern hemisphere by a number 
of persons. Later it was visible in North America. 
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THE PRESENTATION OF ATOMIC STRUCTURE 
TO COLLEGE FRESHMEN, 1905-1940* 


SISTER MARY MARTINETTE 
Mundelein College, Chicago, Illinois 


The study of atomic structure followed as a natural conse- 
quence the proposal of the atomic theory. Looking over the his- 
tory of this study of matter we wonder how man ever managed 
to delay his investigations for so many years. And, as we study 
the subject, we see how beautifully, scientifically and rapidly the 
problem is being attacked in our generation. In fact, proposals 
are being made, modified, further modified, rejected, revived, et 
cetera in such rapid succession we scarcely know what to tell 
our novices in the chemical field. This state of affairs has led to 
a cautious conservative approach to the subject on the part of 
general inorganic chemistry teachers. It is interesting to study 
their presentation of atomic structure and note the effect of each 
new proposal on the simplified presentation. 

General inorganic chemistry instructors concede that the 
greater part of the work on atomic structure belongs to the 
science of physics, yet, since many of its details are essential for 
an understanding of chemical properties and principles, a pres- 
entation of the subject must be made. Just what constitutes 
the scope of this presentation is a question. In this work a com- 
parison has been made of the dates of definite discoveries con- 
cerning atomic structure and the dates of their appearance in 
general chemistry text books. Outstanding texts in the field 
published between 1905 and 1940 have been carefully studied 
and the texts chosen have been for the most part those of scien- 
tists from the Middle West whose works are well known. 

The atomistic theory as originally conceived by Democritus 
and Epicurus, developed by Lucretius, and resurrected by Gas- 
sende from about 1647 on was believed to be the source from 
which Boyle, in the seventeenth century, derived his ideas on 
the subject and from which Dalton, early in the nineteenth cen- 
tury, developed his well known atomic theory.’ The structure of 
the atom began to claim scientific attention almost immediately 
after Dalton’s development. His theory, which was proposed in 
1808, was followed in 1815 by Prout’s hypothesis that all the 


* Presented before the Chemistry Section of the Illinois State Academy of Science, Galesburg, Illinois, 
May 3, 1940. 
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atomic weights are integral multiples of the atomic weight of 
hydrogen. Until Aston’s work and the discovery of isotopes 
Prout’s hypothesis lay in disuse. It was shown, about 1897, that 
atoms might be composed of electrons? and since this time the 
wheels of atomic structure research have been in motion. 

We expect the general chemistry texts written before and up 
to this period to say nothing of atomic structure. Scientists of 
the period were agreed that the atom was “the indivisible.” 
However, with atomic structure research under way yearly 
changes in the concept of matter are seen. Lord Kelvin and Sir 
J. J. Thomson in 1904 developed a conception according to 
which, an atom was regarded as a sphere of positive electrifica- 
tion of atomic size within which were embedded enough nega- 
tive electrons to produce a stable body.’ 

This new and startling idea did not appear in the general 
chemistry texts of 1905.4 They made no mention of electrons 
(positive or negative) or of atomic structure. Certainly the pro- 
posal must have created some stir among scientists! It was a 
brave and venturesome step for any scientist to take—to pro- 
pose a word picture of the unseeable atoms! Since this con- 
ception was shown within a short time to be wrong in a great 
many respects we observe with surprise, but not with regret, 
that it did not appear in texts of the time. The texts of 1908 
made the usual statements regarding the indivisibility of the 
atom, however, we find in one the footnote“ 

The latest investigations make it appear highly probable that the chemi- 

cal atoms are not indivisible, that they consist of much smaller particles 
called electrons, and that some of these electrons may be split off the atoms. 
To all intents and purposes, however, the atoms of the common elements 
may be regarded as indivisible. 
This was the first evidence of the teaching of atomic divisibility. 
Notice that about 1897 evidence pointed to the existence of elec- 
trons in atoms and eleven years later footnotes in general chem- 
istry texts were making known the hypothesis. In 1909 the stu- 
dents were taught, “‘The electron theory has not yet been tested 
as to its value in the study of chemical changes.’ At this time 
its existence was recognized. 

Rutherford’s proposal in 1911, upon which much of the subse- 
quent work was based, was unique in that it completely dis- 
credited the work of Sir. J. J. Thomson concerning a “sphere of 
positive electrification.’’ Rutherford suggested that “‘the atom 
consists of two distinct regions or parts, a positive center, or 
nucleus and an outer region in which the electrons occur.’ 


| Ry, 
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While the essential features of the Rutherford model of the atom 
received experimental verification and were generally recog- 
nized as accurate, great difficulty arose in the efforts to deter- 
mine the arrangement of the electrons about the nucleus due to 
spectra peculiarities. 

Two conceptions were developed almost simultaneously to 
explain this electron arrangement within the atom. In 1913 
Bohr pointed out that spectra peculiarities could be accounted 
for by assuming the extranuclear electrons rotate in definite or- 
bits around the nucleus instead of occupying fixed positions in 
the atom. Two years after the introduction of Bohr’s concept 
Sommerfeld replaced the circular orbits of the Bohr atomic 
model by more general elliptical orbits, in one focus of which the 
atomic nucleus was situated. Contrasted with Bohr’s theory, 
Sommerfeld’s theory pointed to a greater variety of possible 
states.° The Bohr-Sommerfeld conception is referred to today as 
the “dynamic atom.” 

The “‘static atom,” proposed by Lewis and Langmuir at about 
this time, described electrons in fixed positions about the nu- 
cleus in a series of concentric shells which could contain only a 
limited number of electrons in the outer shell of the atom. This 
did not account for peculiarities in the spectra. 

At this same time work was being done on atomic numbers by 
the brilliant English physicist, Moseley. 

The year following Bohr’s proposal, that is in 1914, the stu- 
dents were taught:’ 

The relations between the atomic weights of the elements and their prop- 
erties which are brought out in the Periodic system constantly suggest 
that the elements must have some common origin and that the atoms are 
complex aggregates built up in some way from simpler parts .... It 
supposed that atoms of the elements are composed, in part, of electrons 
and that they may gain or lose these. . . . The electron theory is too recent 
for chemists to form a very positive opinion as to its value, but it is, at 
least, worthy of careful consideration. 


This presentation was complete for college freshmen in 1914 and 
handled the subject most adequately. The author presented the 
material for which evidence seemed conclusive and avoided the 
question of ‘arrangement which was one of controversy at that 
time. 

In 1916 the value of atomic numbers was pointed out to gen- 
eral chemistry students® and though Rutherford’s work was 
again discussed and nicely shown, the dynamic model of the 
atom was not mentioned. Since it has proved such a splendid 
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tool even at the present time, from the teaching standpoint, one 
is a little surprised to find its adoption so slow. Even in 1919 
there appeared to be no general acceptance of the theories of 
atomic structure.* One author stressed the ‘‘reasonableness”’ 
of certain assumptions and of ‘almost conclusive” proof yet 
did not commit himself in any way. At that time there was a 
great amount of work being done to prove or disprove the static 
and dynamic models, yet no hint of this was given to the first 
year college students. 

Students of 1923 were taught:!° 

The atom is no longer regarded as a homogeneous entity, but as a sys- 
tem consisting of a core or nucleus, carrying a positive electric charge, and 
surrounded by a number of separate particles called electrons. .. . It was 
first assumed that the electrons revolved around the central positive nu- 
cleus much as planets and asteroids revolve round the sun, but the view 
generally accepted now is that they are held in a state of equilibrium by 
virtue of the interplay of their mutual repulsions and the attraction ex- 
erted upon them by the positive charges of the nucleus. 

This statement showed definitely the influence of Lewis and 
Langmuir. It came at least five years after their proposal of a 
static structure. 

The difficulties encountered in Bohr’s conception were solved 
in a surprisingly simple manner by wave mechanics, founded in 
1924 by Louis de Broglie. ‘‘The theory of de Broglie recognized 
in material particles nothing more nor less than the energy cen- 
ters of some wave groups with which space is filled.” (By ‘‘ma- 
terial particles” he meant protons or electrons.) Heisenberg in. 
1925 and Schroedinger in 1926 developed the wave mechanic 
theory as introduced by de Broglie and solved, at least for the 
time being, the difficulties encountered in the concept of Bohr 
and Sommerfeld." 

The problems of the nature of matter were pushed into the 
center of physical interest by the theories of Heisenberg and 
Schroedinger. Heisenberg’s basic idea that the primordial par- 
ticles of matter are not localizable was certainly of great moment 
and in Schroedinger’s theory, too, the protons and electrons 
were no longer the sharply definable figures that they had earlier 
been considered to be. It is now believed that significant progress 
can be made in atomic study if the mechanical picture provided 
by Bohr is relinquished in favor of the less readily visualized but 
equally definite ideas of wave mechanics. 

In the brief space of time 1923 to 1926 our ideas of atomic 
structure as first conceived by Rutherford were drastically 
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changed, yet, not until 1932 do we find mention of these changes 
in the text books for general chemistry students. In the texts 
appearing after 1923 an increasing tendency to explain electron 
arrangements is noted and the authors have all wisely refrained 
from undertaking and subjecting students to complicated phys- 
ical discussion.’”.*."* The nearest approach to our present day 
tenets is found in a text of 1932 in which the author says, 
“* ... the complete status of the present view of atomic struc- 
ture cannot be stated in terms of a model but is expressed by the 
use of complex mathematical concepts.’’” 

The author of a 1935 text summed up the situation in greater 
detail. He wrote: 

At the present moment chemical thinking seems to be in a transition 
stage. We still speak of electron orbits and of an electron suddenly passing 
from one orbit to another; but we are convinced that things do not happen 
in just that way. So we resort to the equations of wave mechanics to de- 
duce the probability that the system will remain in a given configuration 
or that it will pass into another configuration. At about that point we 
cease to draw pictures. 


Also he pointed out to the student that the newer views of atoms 
developed since 1924 abandoned any attempt to form a mechan- 
ical model of their inner structure. He explained that the fun- 
damental difficulty in picturing the electron as a little hard par- 
ticle of negative electricity was that mathematics showed that 
no definite answer existed to the question of where one might 
expect to find a rotating electron at any particular minute. This 
at least was true of electrons in all but the outermost of the per- 
mitted orbits in an atom. Apparently the electron filled the 
whole orbit, as if it had the character of a wave. This 1935 text 
is as adequate in its presentation of atomic structure as any pub- 
lished to date for the college general chemistry student. Texts 
published in 1936 and 1938 add nothing to the 1935 splendid 
presentation.’ 

There is one text, published in 1939, which stands alone in its 
unusually detailed treatment of the subject, especially of the 
energy states of the electrons. The explanation for this fact was 
found in the preface in which the author states :"* 


The author is convinced that a student has the right to expect of his 
general chemistry text more than a presentation of the minimum content 
of a beginning course. The book should be useful to him in later years, 
either in more advanced courses or for further reference in other connec- 
tions. It is, consequently, not expected that the whole book be covered in 
any general chemistry course.... But many earlier chapters, notably 
those on atomic structure and on organic chemistry, are adapted to mak- 
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ing of selections, and some of them may be omitted altogether or in part 
for shorter courses without loss of coherence. 


In his introduction to the subject of atomic structure this author 
gives us the usual picture of the atom with a positively charged 
nucleus surrounded by electrons, however, he does not describe 
orbits and in a later chapter he describes the energy states of 
the electrons and how these states are determined. The work, 
while very interesting, would probably be confusing to the aver- 
age student. Only in a footnote do we find reference to the wave 
mechanic theory. The author says, “Electrons and protons also 
have certain wave characteristics which cannot, however, be 
discussed in this text.” 

An excellent text published this year gives what may be con- 
sidered an ideal presentation of the facts as we consider they 
should be presented to first year college students at this time. 
To quote:’® 


Brilliant as were Bohr’s concepts, some basic defects were soon pointed 
out. If the electrons are moving at the high velocities that Bohr postulates, 
we cannot know, with any degree of certainty, where any electron is at a 
definite moment. Hence physicists have given up the idea of electron or- 
bits in definite positions and no longer use a mechanical model of the atom. 
They have developed mathematical equations which express the proper- 
ties of atoms and enable them to find probability of electrons being at a 
definite point at a definite moment. By such equations the probable dis- 
tribution of negative charge in an atom is calculated and the probable 
greatest densities of charge are found at distances from the nucleus which 
correspond to the positions of the orbits as postulated by Bohr. The differ- 
ent energy levels of electrons which can be measured by spectrum analysis 
and in other ways, are properties of the atom, but they do not correspond 
to electron orbits in definite positions. They refer merely to the energy 
associated with electrons in the atom. 

The descriptions of atoms which are acceptable to physicists 
at the present time can scarcely be called useful to the chemistry 
teacher. The increasing number of physical explanations neces- 
sary in the beginning courses tend to complicate an already intri- 
cate subject. For example, how can the general chemistry in- 
structor hope to teach valence, types of valence, oxidation and 
reduction and the theory behind chemical reactions if he has no 
atomic models? The original Bohr atom is a ‘“‘tool of great use- 
fulness” to the chemist when he organizes and explains chem- 
ical data. Since the orbits of the Bohr theory agree with the 
most probable greatest density of negative charge, he should 
continue to use the modified Bohr theory merely keeping in 
mind that the circles he uses to show orbits refer to states of the 


electron with which he associates definite energy levels. 
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From this study we learn that chemistry text book authors 
have been slow to accept newer theories of atomic structure—in- 
deed, any theories of atomic structure. They have proceeded 
cautiously, wisely and prudently and even at the present time 
find it possible to offer legitimate excuses for not relinquishing 
obsolete conceptions of atomic structure. This appears ad- 
mirable in that the older conceptions have their pedagogical 
value. They may be used to great advantage to the students 
provided the new theories of wave mechanics are brought to 
their attention and the relationship between the new and the 
old ideas and their present respective values are adequately 
explained. 
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THE PLIGHT OF HIGH SCHOOL PHYSICS 
V. Social Implications* 


H. BROWN 
Lincoln School, Teachers College, Columbia University, New York City 


... The school is simply that form of community life in which all those 
agencies are concentrated that will be most effective in bringing the child 
to share in the inherited resources of the race, and to use his own powers 


for social ends.! 
> * * 


... Most people never find out from the science teaching to which 
they are exposed why they do not share adequately the obvious benefits 
of science. Many acquire deep feelings of resentment and hostility toward 
this “science’’ which does indeed create new kinds of gadgets and comforts 
and jobs, but which also arouses desires doomed to disappointment and 
creates unemployment, insecurity, and bewilderment. Science promises 
everything, but leaves the individual in many cases empty handed.? 

These two statements constitute a powerful program for 
science teaching—the first directly, the second by reversing 
its criticisms to form a positive plan. Science teaching should, 
in short, bring the child to share in the inherited resources of 
his race, to use his own powers for social ends, to learn why he 
and his parents do not share adequately in the obvious benefits 
of science and, by implication, to learn something of the way in 
which science may the more completely realize its possibilities 
for producing better living. The broad application of these pre- 
cepts would cause a profound change in science teaching on the 
high school level. Immediately, it would require that the social 
implications of the material should be taught in all science 
classes, even in that course, physics, the rather sorry plight of 
which constitutes the theme for this series of articles. 

To a certain extent this position has been anticipated in pre- 
vious articles. ““‘Water-Tight Compartments” (SCHOOL SCIENCE 
AND MATHEMATICS 39: 840-845, Dec., 1939) suggested a teach- 
ing unit that would help the student to understand the sig- 
nificance of man’s use of power; “Peccant Psychology” (SCHOOL 


* Other articles in this series have appeared in ScHooL ScIENCE AND MATHEMATICS as follows: 
Introduction. June, 1939 (39: 558-561; 1939) 

I. “Water-Tight Compartments.” Dec., 1939 (39: 840-845; 1939) 

II. ““Peccant Psychology.” Feb., 1940 (40: 156-160; 1940) 
III. ““Mismanaged Mathematics.” April, 1940 (40: 368-376; 1940) 
IV. “The Languishing Laboratory.” May, 1940 (40: 457-462; 1940) 

1 Dewey, John. My Pedagogic Creed. New York, 1897. Reprinted by the Progressive Education 
Association. 

? Thayer, V. T. and Others. Science in General Education. D. Appleton-Century, New York, 1938, 
p. 225. 
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SCIENCE AND MATHEMATICS 40: 156-160, Feb., 1940) suggested 
a variety of material of social consequence in connection with 
safe-driving and the effects of noise on human beings; ‘Mis- 
managed Mathematics” (SCHOOL SCIENCE AND MATHEMATICS 
40: 368-376, April, 1940) showed how the meaning of the im- 
portant concept of energy could be clarified. In no case, how- 
ever, was the selection of this content based upon the principles 
laid down in this article. 

We need to spend little time justifying the suggestions to be 
made hereinafter through a critique of present practice. One 
illustration will suffice. Since the beginning of the present cen- 
tury six major industries have burgeoned into national impor- 
tance. These are the telephone, automobile, airplane, motion 
picture, rayon, and radio industries. They employ both mil- 
lions of workers and millions of dollars of capital. Their devel- 
opment has profoundly affected the character of American life. 
And yet any examination of texts and courses of study will 
reveal that we physics teachers have been content merely to 
discuss the principles involved in those five (of the six) industries 
to the development of which the field of physics has made a 
major contribution. 


Puysics MATERIAL OF SOCIAL CONSEQUENCE 


In the following sections I have attempted to suggest certain 
aspects of physics content that I feel have social importance. 
Evidently in a magazine article it is impossible to present the 
material in any complete fashion. The discussion is intended 
merely to suggest content which the class work will develop 
more extensively. 


Energy and The Machine. 

Man is supposed to have passed through several epochs in the march 
of progress from savagery to civilization. .. . The present epoch is called 
the “Age of Mechanical Power,” and is considered by many as more im- 
portant than the epochs which followed the introduction of the use of fire, 
the domestication of animals, the cultivation of fruits and grains, the dis- 
covery of iron, or even the invention of the printing press. Until the dawn 
of the “Age of Mechanical Power,’”’ man’s capacity for work and produc- 
tion was limited by his own strength plus that of domestic animals. Me- 
chanical power in the short interval of a little more than a century, by 
transferring reliance from animate to inanimate energy, has revolutionized 
the whole environment of human life by enabling man to utilize the energy 
and materials of his environment more effectively. Past civilizations rested 
upon human slavery; our times are dependent upon mechanical power and 
energy resources. In the finest civilizations of the past, leisure was afforded 
to the few by the hard labor of many human slaves. Human slavery has 
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given place in modern civilized lands to mechanical power, which has placed 
a new valuation upon human life. 

Mechanical power, enabling man to do more work, and to do it in less 
time and more easily, has enabled the people of this country to develop 
in directions other than securing a mere existence. ... In this “Age of 
Mechanical Power,” a premium is placed upon the superiority of mind 
over muscle, and human slavery is not only illegal but it is absolutely im- 
practical because of the high cost of human labor compared with mechanical 
power. A mechanical horsepower, costing $20 to $50 per year, substitutes 
for 10 to 15 human slaves; furthermore, a machine can operate continu- 
ously day after day whereas a slave cannot. Power means progress, reliev- 
ing man of drudgery and enabling him to make the best use of his oppor- 
tunities. Men now direct machinery by which work is performed.’ (Italics 
mine.) 

* * * 


About the time of the Depression the automobile manufacturers were 
whooping it up with uncommon vigor. . . . But they were not making their 
own frames, it was far less trouble to let George do it, or more exactly, to 
let the A. O. Smith Company do it in Milwaukee. . . . Those frames were 
not only being produced in one plant, they were being made on what is 
essentially a single machine. When operating, this machine produces one 
completed frame every 8 seconds, fully 10,000 a day. The staff required 
is about 120 men “‘mostly in supervisory capacity.” That is about 16 man- 
minutes to convert rolled steel strips to the underpinnings of a car. Throw 
in the estimated amount of labor to build the machine, maintain it and 
replace it when it is worn out and the surprising result is that the total 
labor investment is about 30 man minutes for each automobile frame. 
Here is an object worth from $50 to $300 with the labor of fabrication 
worth somewhere between 50 cents and $1. Our economic philosophy is 
tacitly based upon the assumption that a large proportion of the value of 
material objects is due to a man’s labor and that a laborer should be able 
with his wages to buy back a considerable proportion of the objects he has 
made. When the manual labor investment in a finished arlicle represents less 
than I per cent of the total value then that theory breaks down and the social 
system tends to follow suit.‘ (Italics mine.) 


Evidently the development of the machine has not been without 
its effects upon mankind! 

Man’s use of the machine has been made possible by his con- 
trol over energy. His control over energy resources is unques- 
tioned. But what does this control signify? A recent book pre- 
sents an interesting table.’ It compares, among other things, 
the horsepower per capita in various countries and the civiliza- 
tion rank of those same countries in 1925 as determined from 
other criteria. It is interesting to note that, in general, those 
countries with the greatest horsepower per capita, are also those 


+ National Resources Committee. Technological Trends and National Policy. Chap. V, Section III 
“Power” by A. A. Potter and M. M. Samuels. U. S. Gov’t Printing Office, Washington D.C. 1937. 
pp. 261-262. 

‘Furnas, C. C. The Next Hundred Years. Reynal and Hitchcock, New York, 1936. p. 342. 

5 Eavenson, H. N. Coal Through the Ages. American Institute of Mining and Metallurgical Engineers, 
New York, 1935. p. 111. 
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with the highest civilization. Recent estimates show that energy 
is available in the U.S. at the rate of about 10 horsepower per 
capital. The average family with its 40 horsepower controls the 
equivalent of 400 slaves—and this without the sale of a single 
person at the auction block! Available to each of us is energy at 
such a rate, on the average, that every second it could hoist an 
object weighing nearly a ton three feet into the air. 

We look into the future and hypothesize an existence in which 
more and more of the routine drudgery is lifted from the back 
of mankind. Such a future is dependent upon a continued supply 
of energy. Is the supply adequate? In one sense of the word it 
is foolish to think of running short of energy, since the sunlight 
that falls on the earth in one single minute is adequate to sup- 
ply the world’s heat and power requirements for an entire year. 
However human ingenuity is lacking and we are not able, as 
yet, to use the sun’s rays directly in any large way. For the 
present, at least, we must depend upon that indirect use of the 
sun’s energy which is involved in our use of fuels. We value 
fuels because of their great energy content. A pound of coal 
contains about 14,000 B.T.U.—enough energy could we but 
make it all available, to hoist a class of 30 students about a 
mile into the air. Gasoline contains more energy, pound for 
pound, than the most fearsome of modern explosives. 

But already we are concerned about our decreasing fuel re- 
serves. To what shall we turn? To an increased use of water- 
and wind-power? To the use of plants for fuels, either directly 
as when powdered corn stalks are blown into boilers, or indi- 
rectly as when we make alcohol by the fermentation of grains 
or molasses? To tidal energy? To one or another project using 
the sun’s energy directly? This is a problem with which scien- 
tists, and governments, and their peoples—yes, and even high 
school students must become concerned. The growing demand 
of many individuals and groups that the Federal government 
take steps toward the establishment of a sane and comprehen- 
sive national power, or energy, policy attest to the growing na- 
tional interest in such problems.® 

In this, and subsequent suggestions, the point miay be made 
that we are taking over material that has been taught in social 
studies classes. We must be careful, of course, to avoid wasteful 
duplication, but it may be argued that the social import of 
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6 See for example: National Resources Committee. Energy Resources and National Trends. VU. 
Government Printing Office, Washington, D.C. 1939. pp. 30, 423. 
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technological developments, such as the machine, may best be 
understood when we also understand what the machine really 
does. Physics shows what the machine does, and explains how 
it works. Why not do some, at least, of the rest of the job also? 

As part of this treatment the concepts of work, power, energy, 
the machine, etc., are taught as they have not been before. Not 
only must the usual, rather limited understandings be developed 
but, through continued and varied use, students should develop 
a full and richly appreciational understanding of the significance 
of these concepts. No longer are they mere words in a text but 
an integral and dynamic part of life in America today. 

Electricity. Electricity is unique. It exists only while being 
consumed! It is the one form of energy that may be transmitted 
efficiently over long distances. Let us imagine that the power 
companies had to supply the energy of our community by 
mechanical means. Miles of belts, pulleys, supports, with all 
their attendant danger and inefficiency would be necessary. An 
impossible situation! On the other hand so efficient is the trans- 
portation of electrical energy that scientists often envisage a 
future in which coal is burned at the mines to produce all the 
electrical energy needed in metropolitan areas. Think of the 
effect of such a practice on the cleanliness and health of cities. 

At the present time the best steam plants produce one kilo- 
watt-hour of electrical energy for a little less than one pound of 
coal as compared with 3} pounds for the average plant in 1918, 
5 pounds in 1900, and 10 pounds in 1880. What is the limit? It 
evidently depends upon the real significance of the ‘one kilo- 
watt-hour per pound of coal.’’ Just how efficient is such a plant 
anyway? A calculation reveals how far we are, after all, from 
really high efficiencies in electrical production. 

In 1938 about a million and a half of the farm homes were 
receiving electricity from private and publicly owned utilities. 
Large though that may seem, it represents only about } of the 
total number of farm homes. What an effect upon the manner 
of living of that sector of the American population if something 
near all such homes could be electrified! 

Light. Social material here seems to center around two 
emphases—upon the safe and desirable lighting for home, fac- 
tory and highways—and upon the improvement of lighting 
sources. 

The eye of man is poorly adapted to the use to which it is 
put. Evolutionary development has produced an organ which 
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is designed for distant vision out-of-doors where illumination 
levels of thousands of foot-candles prevail. We use our eyes, 
most characteristically, for close work, indoors, under levels of 
a few foot-candles. The problem is aggravated by the fact that 
the eye is fundamentally different from our other sense organs. 
Strain as hard as you please to smell! the weakest odor, to taste 
the weakest flavor, to hear the faintest sound and no harm is 
done. Strain to read by light that is too dim and irreparable 
damage may result. Apparently what is needed is a general 
increase in the amount of light that we use for seeing, together 
with an improvement in its quality (elimination of glare, etc.). 
Safety on the highway is seen to be integrally related to an in- 
crease in the amount of light provided to light the road at night. 

The defect in most electric lamps lies in the method used for 
producing light, that of imcandescence. In order to make the 
filament give off light, we must first make it red- or white-hot. 
Of the energy we put into the ordinary 40-watt lamp, only 
about 8% appears as radiation that we can see. The other 92% 
is either heat or radiation of a type that is not effective visually. 
Is this the best that man can do? As Furnas has put it 


... the beaming rump of the lighting bug is just 8,000 times better than 
the head of man in the matter of light production.’ 


We need to devise other, and better methods of producing 
light. The method employed by the firefly, chemiluminescence, 
might serve. Or we may turn to the electroluminescence of the 
neon and similar signs. Mercury-vapor lamps of this type have 
long been used. A recent lamp of this type gives some seven or 
eight times as much light per watt as do ordinary home sizes 
of incandescent lamps. Another type that may offer much for 
the future is the fluorescent lamp, typified by the tubular lights, 
without filament in the ordinary sense, that have appeared on 
the market within the past few months. Several times as efficient 
as the incandescent lamp in white light units, in one of its colors, 
green, it actually produces 150 times as much light per watt as 
do green incandescent lamps. The explanation of such unusual 
light productivity offers a rather nice problem for the high 
school class to investigate. 

Heat. The statement has been made that modern civilization 
can develop only in the temperate zones. The climate of torrid 
and frigid zones is held to be such that man’s inventive and 


7 Furnas, C. C. op. cit. p. 252. 
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esthetic talents are inhibited in those regions. Man can live in 
temperate zones only if he finds means for keeping warm. Two 
things are requisite—fuel to burn, and a device in which to 
burn it and which will circulate the heat throughout his home. 
In how many physics courses do students sense that the heating 
systems which they study may be a sine qué non for the culture 
in which they live? 

We spoke earlier of the fact that since 1900 the development 
of six great industries has profoundly affected the life of our 
time. Some people see in air-conditioning a seventh (with tele- 
vision a possible eighth) industry of scope equal to the other 
six. Let us therefore teach the principles on which air-condition- 
ing operates but let us also note the profound effect its wide- 
spread use may have through: 

(1) the establishment of a new industry in an economy which badly 

needs whatever stimulation that may give, 

(2) the effect its use may have on our ways of living. 

What change in life in the temperate zones and what profound 
changes in the torrid! 

Sound. In the third article of this series, ‘‘Peccant Psychol- 
ogy’, there was some little elaboration of material dealing with 
the effect of noise upon human beings. To this we need only to 
add the additional fact that studies seem to show that persons 
work less rapidly and with reduced accuracy and an increase in 
wasted energy, under noisy conditions. The human body is 
marvelously adaptable, and we can adapt ourselves to work 
under conditions of rather extreme noise. But we pay for it in 
tired nerves, fatigue, and a possible impairment of hearing. 
Thomas Edison, himself deaf, although from another cause, 
predicted for the human race an increasing amount of deafness 
because of the senseless din which assails our ears. 

Consumer Education. Science classes have been urged on 
many occasions to do their share in contributing to that educa- 
tion which will be of greatest value to the student in his activi- 
ties as a consumer. At many points in the physics course, this 
probably becomes synonymous with emphasizing the social 
implications of the science material. A case in point might be 
the consideration of the value of fog lights. Objective examina- 
tion of the data seems to show that any light close to the road 
is of help, but that the interposition of a yellow filter before the 
headlight lamp in order to produce a yellow beam, probably 
does not materially help to penetrate the pall of fog. 
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PHYSICS AND THE COMMUNITY 

If we are to make these social emphases really felt a new 
orientation of the physics course is needed. I use the word new, 
not because the idea I am about to suggest is really novel, but 
because the application of the idea has rarely been made. The 
physics course must look outward into the community. An 
obvious first step is to take the class into the community, to 
leave the cloistered classroom. We have made excursions in the 
past, usually to industries where some of the principles discussed 
in the course are exemplified. But have we made a study of the 
extent to which electricity is being used advantageously in the 
homes of the community? Have we ever studied the electric 
rates paid by consumers in an attempt to ascertain their fair- 
ness? Or studied lighting conditions on the highway, in relation 
to accidents? Or prodded the city fathers to enact noise legisla- 
tion, or to enforce that already on the books? Not all of these 
may be possible, or desirable to do in our situation. Others may 
be suggested. But are we doing any of them? A recent report 
lists eight different kinds of activities of direct concern to the 
science program that have been carried out in various schools 
or by various groups of young people.* Only one of these, a 
smoke-abatement campaign bears even a close resemblance to 
an activity that might have been inspired by a physics class. 
The field is wide open for your venture. 

Puysics REDIVIvUS 

To a certain extent it must be admitted that the present dis- 
cussion is something of a tour de force. We have attempted to 
show how social emphases may be brought into a course already 
in existence—a course which may not be sufficiently elastic in 
its very nature to permit of their admission. That is not to be 
taken to mean that the writer has been insincere in suggesting 
these changes or innovations. It is just that the plans that are 
herein suggested are, in many instances so broad in their scope 
that they need to be dealt with in a course that affords a larger 
amount of time, and a larger degree of freedom than does any 
single conventional course. One can easily become excited about 
the prospects of a whole grade of the high school really trying 
to do something about some such problem as the noise of the 
community, or the effect of the development of the machine 
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upon the community, and in so doing devoting the larger part 
of the school day to the task. To such activities the subject, 
physics, can make real and vital contributions. Can they be 
made within the framework of the traditional course? In some 
exceptional cases, the answer may be “‘Yes.”’ In most cases, I 
suspect, the verdict will be that a new organization of the cur- 
riculum is necessary. Perhaps, after all, a great deal of what we 
have been pleading for in the present article can only be realized 
when we physics teachers have achieved sufficient vision to be 
willing to make drastic changes in our subject, possibly even to 
the forgetting of our vested interests and allowing the subject 
to merge its identity in some more functional organization of the 
curriculum. 
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EXCHANGE TEACHING 


Biology teachers interested in exchanging positions for one year, write 
to, R. C. Wilkins, Central High School, Superior, Wisconsin. 
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SCIENCE SERVING THE STUDENT 


V. Breck 
Central High School, Tulsa, Oklahoma 


This is a day of specialists. Science has made it so. The more 
discoveries are made, the more technical our information be- 
comes, the more necessary does specialization become if one is to 
succeed in any particular line. So great has become the volume 
of technical knowledge in every line that we no longer accept the 
authority of the generalist but insist on the specialist in medi- 
cine, engineering, chemistry, physics, botany, zoology, geology 
and every other field. We no longer can learn all that is known 
about any one of these fields; it would take a lifetime to master 
one branch of knowledge in science. Every new discovery is 
added to our store of knowledge, every new method and device 
make further specialization necessary, and the vicious circle 
becomes the more vicious as we try to find our place in it. 

This great specialization has carried over into industry. No 
longer do we attempt to supply our own individual needs but 
produce some little product or service in the great industrial 
machine. Great industries have arisen due to improved methods, 
products, and distribution. Backed up by patents and machin- 
ery they have tended to drive the small producer from the field. 
Power tools require organization of industry and workmen and 
markets on a larger and ever larger scale. 

There have followed new methods of employment for youth. 
The old apprentice system or the father-son plan cannot be used 
in big business. The father cannot take his son into the factory 
or office with him because of labor laws. This requires that the 
boy be trained outside of the place that is ultimately to employ 
him, with perhaps a short period of specialized training as he be- 
gins his work. The long period of youth in which most kinds of 
training must begin if they are to be most effective will be lost un- 
less the schools assume the obligation of training youth for life in- 
dustries and vocations. Larger numbers of boys are being kept in 
school longer, boys who ought to learn a trade, boys who want 
activity and to whom the average classroom is a waste of time, 
boys who need to learn how to operate machinery, boys who 
want to understand technical science and industry and will suc- 
ceed only if technically trained. 

If we accept the general philosophy that the schools should 
serve community needs, it must follow that the schools should 
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train boys and girls to take their places, not just the white-col- 
lared positions, but the places in the shop, on the farm, in in- 
dustry. We have enlarged our industrial arts department for 
boys. We have increased our home training for girls. But there is 
more that can be done. There is more that should be done if the 
schools are to keep up with progress. It is interesting to note the 
many specialized courses now being offered in high school. In 
commerce, we are training bookkeepers, typists, operators of 
office machinery, and many technical types of office work. In in- 
dustrial arts we are training architectural engineers and ma- 
chine draftsmen with many courses that require two years of 
continuous work in one specialized field. Only a few years ago 
woodwork and metal work with a course in mechanical drawing 
were about all that a high school student could expect to receive 
in this field of study. 

Since the greatest progress has come in the field of science, it 
seems that any progress should be reflected in this department. 
Our scientific age requires that the science department keep up 
with industrial progress which science has made possible and 
necessary. If we are to find the problems which the science de- 
partment should help solve, we must find them out in life. Those 
who will be able to solve these problems are those who are solv- 
ing them in the work-a-day world. We shall find our information 
in the community in which we live rather than in books, among 
business and industrial men rather than among educational lead- 
ers. The educational leader has too often become a specialist and 
knows education only. He has spent too much time in the class- 
room and too little time visiting shops, laboratories, and indus- 
tries trying to learn the latest in scientific information. Our 
textbooks contain what is known in the particular field several 
years after it has been discovered in the research laboratory. 

Most of our present science books are history books, the his- 
tory of science. The student is led to rediscover the law of gravi- 
tation which Newton discovered 300 years ago, or Boyle’s law, 
or the principles of photosynthesis, or the processes of digestion. 
There is so much to learn about valence that the student in 
chemistry has little time for applied chemistry in the home and 
industry. The applied chemistry is held for the advanced courses 
after the student gets into college. We spend our time laying the 
foundation and never get much of a building on it for the aver- 
age student. While the world outside is becoming more and more 
specialized, the average high school science department is be- 
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coming more generalized. We have lost botany and zoology for 
the boy or girl who wished to study plants and animals and have 
substituted a general biology which, because of the nature of the 
course, must be devoted almost exclusively to human biology. 
There is so much to learn about forestry, flowers, birds, insects, 
fish, reptiles, mammals, that the high school student who is so in- 
clined to study would be glad to know if given the opportunity. 
The beautification of home grounds, enjoyment of life in the out- 
of-doors, can best be done by the one who is informed. 

We are on the verge of losing chemistry and physics in the 
trend toward physical science. Perhaps it is because the old 
courses refused to be changed from college preparatory courses 
to life-preparatory courses. Whatever the cause, we are going in 
the direction of generalization rather than in the direction of 
specialization. The teacher in physics or chemistry has had a 
difficult time knowing the one field, particularly the industrial 
angle. To know both fields will be more difficult. The teacher can- 
not teach what he does not know. The laboratory cannot be 
fitted for all kinds of work. By attempting to cover such a gen- 
alized field, there is danger that we shall lose the laboratory en- 
tirely. Our course will become a social science course rather than 
a natural science one. The list of references will increase and the 
the microscopes, test tubes, and balances will be lost in the 
shuffle. We shall spend our time trying to teach scientific think- 
ing without giving the student any science information with 
which to think. 

Our classrooms will become playrooms instead of workrooms. 
We shall train more people for the PWA because we are not giv- 
ing definite training for any specific kind of work that the world 
needs. We shall have adopted a soft easy-going philosophy and 
we shall awake to find our civilization, that depends so much on 
science, lost to many of our people and the schools will be to 
blame because they ‘“‘missed the boat.” There is a place for the 
general science course. It may particularly suit the needs of the 
student who is going to college or who is not going to enter tech- 
nical science work in industry. It should be offered for those who 
wish to generalize before they are ready to specialize. But for 
many of our students all the organized science they will ever 
have, they must receive in high school. We cannot afford to hold 
all the useful science courses on the college level. Our agricul- 
tural colleges and engineering schools cannot train the great 
mass of our students because relatively few will enter them. 
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If we are to provide the type of science courses that are needed 
by those students who will not go to college, we should not go 
to college to find out what kind of courses to offer. Rather we 
should go out into industry to find the materials and informa- 
tion that should be organized into courses. Each community 
should take an inventory of the community science needs and 
try to minister to these needs. The rural community will not be 
the same as the urban community. The mining region will not 
have the same needs as the manufacturing region. The small 
school community will not have the same problems as the large 
metropolitan community. In all schools which see the oppor- 
tunity and try to meet the responsibility, there will be much 
that can be done and it does not matter where the start is made. 
Mistakes will be made but the greatest mistake will be to do 
nothing, to bury our heads in the sand. The courses may be long 
or short according to the nature of the course and the needs of 
students. It is the diversity of human interests and abilities that 
has made our great industrial progress possible. It is the un- 
limited human wants and needs that keep it going. 

Who is to be the judge of what courses to offer? Only student 
needs based on community needs can determine what should 
be taught. It may be that no new courses are needed but rather 
that the present courses should be streamlined to suit modern 
needs. It makes little difference what we call a course except for 
college entrance. If we are to give a diploma that is not to be 
used for college entrance, it makes little difference what sub- 
jects are used. The needs of students expressed by electives 
which they select personally from a wide list of possible courses 
would seem to be the best approach to the problem. 

There is a shortage of skilled workmen, so we are told by in- 
dustrial leaders, and this shortage will increase if our present 
tendency to generalize continues. There is much inefficiency in 
living conditions and working conditions among most of our 
people in spite of the great discoveries of science, and the ineffi- 
ciency will continue unless the schools come to the rescue. If we 
could but apply the science that is known, we should become 
more efficient in every line. Knowledge about the common fun- 
damental human needs, the need for food, clothing, shelter, 
communication transportation, home living, family life, health, 
and leisure will help us all to take advantage of the scientific age 
in which we live. We cannot learn too much and we cannot ap- 
ply what we know too well. 
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NEW NUMBER SYSTEMS VS. THE 
DECIMAL SYSTEM 


J. T. JoHNSON 
Chicago Teachers College, Chicago, Illinois 


Articles have appeared from time to time on number systems 
other than our decimal system. An aticle by E. M. Tingley en- 
titled “Calculate by Eights, Not by Tens” appeared in this 
Journal in April, 1934. Since then in October of the same 
year, an article by Emerson F. Andrews appeared in the At- 
lantic Monthly under the title, ““An Excursion in Numbers.”’ 
That article, as suggested by its title, was very interesting and 
enlightening to many people in broadening their horizon of 
number vision and extending the understanding of our present 
number system. 

In 1935 Andrews published his book on New Numbers in 
which he becomes quite enthusiastic about the duodecimal sys- 
tem. It is a cleverly written book and a valuable one for setting 
forth the possibilities of that system. 

Now comes Mr. Tingley again with an article in the June, 
1940, issue of this journal advocating the Octonary system un- 
der the caption, “Base Eight Arithmetic and Money.” 

Both Andrews and Tingley, it seems, have been carried away 
from realities by their enthusiasm for these idealistic number 
schemes in that they apparently think that it would be possible 
and even probable for the human race to adopt either the duo- 
decimal or the octonary system. 

If it were possible and probable for a number system with an 
entirely new base to be adopted the writer would be inclined to 
favor the octonary to the duodecimal system for the reason that 
its fractions as Mr. Tingley points out are all based on the half 
and also because it needs no new characters. One wonders why 
Mr. Tingley chose the octonary rather than the quaternary or 
the binary system. The binary system has some wonderful ad- 
vantages in its applications not to mention its extreme simplicity. 

It is not the purpose of this article to explain a new number 
system or to discuss the relative merits of new number systems. 
When it comes to a proposal of changing such a fundamental 
habit of thought as our number system all angles of approach 
and relative values should be carefully considered. Hence the 
writer wishes to point out some statements made by Mr. Tingley 
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in the June issue of this journal that may be misleading to many 
readers as well as some misrepresentations that should be cor- 
rected. 

Mr. Tingley starts out with; 


Eight is the best base for our arithmetic, not ten or twelve.! 


This is an unsupported statement. No proof follows that es- 
tablishes eight, even if considered theoretically, as a better base 
than four or two. Again when he says, 

Our minds prefer halves, the even divisions of things. Material things 
divided into fifths as in the metric system and in thirds and fifths in moneys 
are difficult for our minds.? 
he is slightly misleading in that in the metric system, as every- 
one should know, things are divided into tenths not into fifths. 
When he refers to “thirds and fifths in moneys are difficult for 
our minds’”’ it 7s difficult for our minds to know what he means. 
In the first place our money is not divided into thirds and fifths 
but rather into halves, quarters, tenths and hundreths, and 
there is no evidence that our money is difficult for our minds 
since it is based on exactly the same base as our natural number 
system which is ten. 

His next dogmatic statement is: 

Psychologists and not calculators, teachers, arithmeticians, physicists, 
or legislators must decide what is the best base for our arithmetic.® 

The writer asks again, where is his evidence or proof? Then 
note what is said in the very next paragraph. 

Psychologists have entirely neglected the arithmetic bases but they must 

find that eight furnishes the best ‘‘all-round” mental handle for the pre- 
ferred fractions, halves and halves of halves of halves repeated indefi- 
nitely.* 
One wonders why he wants the psychologists to decide on our 
number base when they “have entirely neglected the arithmetic 
bases.’’ He is seemingly motivated by a strongly optimistic faith 
in them as he says “‘they must find that eight furnishes the best 
all-round mental handle, etc.’’ (Italics are the writer’s.) 

Other inconsistencies are found but let us now examine some 
other statements and their implications made by Mr. Tingley. 


As tenths of things are not acceptable to our minds the metric system 
measures guns and houses in integral millimeters.’ 


1, SCHOOL SCIENCE AND MATHEMATICS, June 1940, p. 503. 
2 [bid., p. 503. 3 [bid., p. 503. 
* Ibid., p. 503. 5 [bid., p. 504. 
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Where he gets the proof that “‘tenths of things are not accept- 
able to our minds” is not known but the writer knows that frac- 
tions in any form, whether common or decimal, are much more 
difficult for children to learn than whole numbers. (The writer 
has had direct contact with children learning arithmetic for over 
twenty-five years.) That is just why the metric system scores an 
advantage for the common person because he can discard frac- 
tions entirely if he wishes and work with whole numbers—the 
integral millimeter mentioned above, the integral gram and cu- 
bic centimeter. 

In the next paragraph we find; 

The decimal and metric systems lack the easy use of halves, quarters, 
and eighths over the entire range of measurements.® 


It is difficult to reconcile this statement in the face of .5, .25, 
and .125. Even if the layman wishes to use the common frac- 
tions, 3, }, and } there is nothing in the base ten system that pre- 
vents him from doing so. Haven’t we been using halves, eighths, 
and fourths with our base ten system for hundreds of years? 

Mr. Tingley keeps repeating the statement that we prefer 
halves, the mind prefers halves, as the easiest fractions. It is 
clear that Mr. Tingley prefers halves but can he speak for the 
rest of the world? Of course the half is the easiest fraction. 
Everyone knows that, but what would happen to technological 
progress if nothing but halves and halves of halves were to be 
used? Such statements as these are found; 

We like halves of things because we ourselves are closely related to 
halves through our symmetrical bodies, our two hands, and two eyes, by 
which we perceive things.’ 

It is very doubtful whether bilateral symmetry has any con- 
nection with the fraction 3, but even if we grant that it has we 
must accept the fact that the ancient Hindus who originated our 
present decimal system used their ten fingers and other tribes 
used their fingers and ten toes when they founded the base of 
their number systems. Since they had their two eyes and their 
two hands, why did they not use them as number bases? Per- 
haps manipulation was more pertinent than perception when 
establishing a number base. 

Again we find; 


We like to think of halves in our native mind language but we must now 


Ibid., p. 504. 
7 [bid., p. 505. 
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write halves in the foreign language of fifths and tenths of the decimal and 
the metric systems.* 

We ask, are tenths of the decimal system a foreign language to 
our children who play and buy with pennies, nickels, and dimes 
from the time they enter school? We are afraid a system based 
on eight would be foreign to them indeed. How would you like 


4 62 

to add as follows: 4; 6+7+4=21; or subtract like this: 15; 

10 45 
$1.10 42 76 
.75:or multiply this way; 6; 7? 
13 314 662 


To quote again; 

Division of numbers by ten in the decimal notation is of course easy. 
But tenths give us fifths and who divides a thing into fifths if it can pos- 
sibly be avoided? The fifths of money and of metric scales are to fit the 
decimal base, not our minds. They are provided for us, not by us.° 

What does he mean by “for us not by us?” They must have 
been provided for us by some one. By whom? The answer is, by 
those who sought to make computation and measurement easy 
by relating it to our natural number system based on ten. 

Let the reader judge this statement; 


We are now denied the use of halves, our preferred fractions of things, 
half of our powerful number tools by the use of ten as a base.!° 


Then he summarizes; 
As a summary we find that the preferred even fractions and division 
decide that eight is the best base for our arithmetic." 


That is final. 

Let us now pass to Mr. Tingley’s discussion on money. He 
seems to be confused about the base in our money system as he 
repeatedly refers to fifths instead of tenths. Witness the follow- 
ing statement; 

Our U.S. Money is an application of the decimal and the metric princi- 
ple. However inspection shows that fifths are here avoided and halves are 
favored. The accompanying tabulation of the ratios in the coinages of the 
world shows the same tendency.” 


The whole table is here reproduced as given by Mr. Tingley 


for the sake of completeness. 


Ibid., p. SOS [bid., p. 50S. 
19 [bid., p. 505. Jbid., p. 50S. 
12 [bid., p. 506. 
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MONEYS OF THE WoRLD"™ 
Ascending Ratios Between Coin Values 


United States 5 25/2 2 2 5/2 i 2 2 

Canada 25/2 2 5 2 

France 23/2 2 2 23/2 2 2 5 
Scandinavia 25/2 2 5/2 2 2 23/78 2 3 
Netherlands 25/2 2 2 5/2 4 5/2 2 2 
Switzerland 25/2 2 2 5/2 2 
Italy 2 2 5/2 2372 .2 
Spain 2 2 24/5 4 
Austria 3/2 2 2 225/72 <4 

Czech 23/2 3 5 2 

Finland 23/2 2 2 2 2 

Greece ose 2 2 3/2 2 2 

Turkey 2 2 2 23/7 2 2372 2 
Argentina 25/2 2 225/2 2 

Brazil 2 23/4 2 2 

Mexico 2 2 2 2 2 25/7 
Cuba 25/2 2 2 2 3/2 2 .-2 
Venezuela 5/2 2 2 2 2.3/2 2 5 
Uruguay 32 32 32 

Chile 2 3/2 5/2 32 

Great Britain 2 2 2 2 2 4 2 
Germany 2 2 2 8323/5 2 2 
Russia 2 s/2 4/3 5/2 2 2 
Australia 2 2 2 862 


bo 


Base Eight 2 2 2 2 & @ 


The above table is a good illustration of what can be done by 
showing a part of the truth and not the whole truth. In the lan- 
guage of the courts we would like to have the whole truth and 
nothing but the truth. 

Let here be presented another table (see opposite page) not 
prepared to convince us one way or the other about what number 
base should be used. It was prepared as an advertisement by the 
National Cash Register Company of Dayton, Ohio. 

It will be noticed that although the names are varied the deci- 
mal or base ten is very conspicuous in the above table. It is al- 
most universal in the money systems of the world. India’s main 
coin seems to be the only one that strays from the decimal base. 

If we take the paper money of the United States it is difficult 
to find the ratio 2 more prominent than 5 or 10. Why does the 
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THE MONEY OF THE WorLD" 
Showing the composition of the chief coin 


United States 


Canada (British) 


United Kingdom 
France 
Germany 
Sweden 
Norway 
Denmark 
Netherlands 
Belgium 
Switzerland 
Italy 

Spain 
Austria 
Soviet Union 


Czechoslovakia 
Finland 
Greece 
Hungary 
Turkey 
Argentina 
Brazil 
Mexico 
Cuba 
Venezuela 
Uruguay 
Chile 
Algeria 
India 
Japan 


100 Cents equal 1 Dollar 
100 Cents equal 1 Dollar 
20 Shillings equal 1 Pound 
100 Centimes equal 1 Franc 
100 Reichspfennige equal 1 Reichsmark 
100 Ore equal 1 Krona 
100 Ore equal 1 Krone 
100 Ore equal 1 Krone 
100 Cents equal 1 Florin 
100 Centimes equal 1 Franc 
100 Centimes equal 1 Franc 
100 Centesimi equal 1 Lira 
100 Centimos equal 1 Peseta 
100 Groschen equal 1 Shilling 
100 Kopecks equal 1 Ruble 
10 Rubles equal 1 Chervonets 
100 Haleru equal 1 Koruna 
100 Penniaé equal 1 Markka 
100 Lepta equal 1 Drachma 
100 Filler equal 1 Pengé 
40 Paras equal 1 Piastre 
100 Centavos equal 1 Peso 
1000 Reis equal 1 Milreis 

100 Centavos equal 1 Peso 
100 Centavos equal 1 Peso 
100 Centimos equal 1 Bolivar 
100 Centesimos equal 1 Peso 
100 Centavos equal 1 Peso 
100 Centimes equal 1 Franc 
16 Annas equal 1 Rupee 
100 Sen equal 1 Yen 


United States make paper money in 1-, 5-, 10-, 20-, 50-, and 100- 
dollar denominations if 5 and 10 ratios are difficult for the mind? 
Yes, there is the 2-dollar bill but we find people as a rule trying 
to get rid of them when they get them and there are not many of 
them left. Why are there not a series of 2-, 4-, 8-, and 16-dollar 
bills? 

In conclusion let us try to answer the question, not what 
would have been the best base for our number system provided 
we had been faced with selecting one and not having one, but. 
taking the world as it is today with its decimal system developed 
as it is, is it feasible, practical or possible to change the base of 
our number system? 

There is no evidence for an affirmative answer to this ques- 
tion. The best that can be done is to compare what has been 


“ “The Money of the World,” The National Cash Register Company, Dayton, Ohio. 
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attempted in a similar reform to the proposed reform. The 
reference is to the adoption of the metric system of weights and 
measures. All the metric system proposes to do is to change the 
value of our common weights and measures so that their intra- 
and inter-relations will be unitary or decimal. In other words, to 
make the relations within our weight and measuring system the 
same as within our natural number system with which the whole 
world is familiar. This is a reform that no one can deny is in the 
interest of simplicity for education, computation, business and 
commerce. Yet it has been very difficult to get this reform across 
to the whole world. Although about 80% of the world’s popula- 
tion and all the leading countries except two have adopted the 
metric system and, although it is legal and used in scientific 
work throughout the world, there is yet a large force of inertia 
and conservative complacency that stand in the way of utilizing 
the full advantage of its universal usage. 

Now when we think of changing the very base of our number 
system which took centuries to evolve and develop and change 
people’s routine of quantitative thinking which they have car- 
ried on from a few years to a life time—that is a proposal which 
baffles the imagination and staggers our sensibilities. One would 
really have to be more of a practical psychologist than a mathe- 
matician in order to know human nature better than to suppose 
that such a drastic change could be possible. 

To use the author’s own words; 

Abstract numbers and arithmetic detached from things become only 
an empty game, as is chess, and of little practical value except as a mental 
exerciser.’ 


Is not a base eight number system an arithmetic detached 
from things? 

All the discussions on number systems besides our own have 
their value. The chief one of these is a development of a mathe- 
matical appreciation which is so much underrated and neglected 
at the present time. Another value in these discussions lies in the 
material they furnish for the imagination. When we realize that 
more than one-half of the English books that are written and 
read are fiction rather than fact, there ought to be no objection 
to more books like New Numbers by Mr. Andrews. They belong 
to mathematical fiction and should have a place in mathematical 
literature. 


[hid., p. 503 


CASTING FUSIBLE METAL FOR TEACHING 
PHYSICAL CHANGE 


HAROLD J. ABRAHAMS 
Central High School, Philadelphia, Pennsylvania 


Fusible metals, such as Wood’s alloy, enjoy wide acceptance 
as suitable material for illustrating ‘‘physical change” either as 
a demonstration by the teacher, or as a simple, safe and inex- 
pensive student laboratory experiment. As commonly used in 
connection with “physical change,” a small amount of the metal 
is introduced into some boiling water in a test tube. When the 
metal melts and is then chilled, to solidify it, the “button” 
takes on the shape of the bottom of the test tube, i.e., almost a 
hemisphere. At the close of the lesson the buttons of alloy are 
collected and held for use in the next class. A student in that 
next class is therefore given a piece of fusible metal which has 
almost the identical shape it will have when melted by him in an 
ordinary test tube. Most beginners in high school chemistry 
lack acute powers of observation and, because of the truly simi- 
lar shape of the button before and after melting, such students 
wonder what the experiment attempts to prove, because nothing 
seems to them to have happened, even after the metal has 
melted. Some teachers who have used this material either as a 
demonstration or as a student experiment have probably wished 
that there were at hand some easy and convenient means of 
shaping it, so that its form at the outset would be very different 
from that of the hemisphere at the end of the experiment. Such 
teachers have probably invented their own methods of accom- 
plishing this end. Perhaps they have already thought of and 
used one or more of the following methods. If not, they will find 
all of them satisfactory. 


1. Casting “Nails” of Metal: 


Two blocks of wood each six inches long by two and one-half 
high by three-quarters of an inch thick, are placed together and 
drilled in the manner shown in Plates I and IA. The ends of the 
holes are countersunk. The two blocks of wood are fastened to- 
gether with four brass bolts, one at each corner. The metal is 
melted in a beaker and poured into all of the holes. No tendency 
to entrap air is noticeable. If the countersinking is wide and the 
“melt,”’ just a few degrees above the melting point, is poured 
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into the hole, so as to fill it, entirely, a casting of pleasing ap- 
pearance, resembling a nail, will result. If the mold is well made, 
the castings will be easily removed, otherwise it might become 
necessary to grease the holes with vaseline or other similar ma- 
terial. If the chemistry class is large and many castings are there- 
fore needed, the mold may be a large one, with many holes. 
Otherwise a small mold must be filled several times, until enough 
castings are produced. Once such a mold is made it should last 
practically ‘“‘forever.”” The only disadvantages of the casting 


method just described are occasional difficulty in removing cast- 
ings and the loss of time suffered when a small mold is used for a 
large number of castings. 


2. Perforated Ladle: 


Casting “‘nails’’ as described above involves either loss of 
time while waiting for the castings to cool before making an- 
other batch (necessitating also a reheating of the material for 
another casting) or the use of a very large mold. A second meth- 
od was therefore tried. A sheet iron tray four inches long by two 
and one-half wide and one inch deep was prepared and a handle 
riveted on to one of the sides. Into the very edge formed by the 
bottom and one of the sides a series of one-sixteenth inch holes 
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was drilled, about one-half inch apart. The entire interior of the 
ladle was coated with “‘rouge.”’ 

Such a ladle is used in the following manner: The solid metal 
is placed in the ladle and the latter heated from the bottom. A 
smooth surface, such as a work-table top or a piece of sheet iron 
is held in readiness. When the metal begins to melt, tilting the 
ladle slightly downward on the unperforated side prevents the 
metal from running out. When the metal is entirely melted the 
ladle is brought to one side of the table or sheet iron, lowered 


4 quarter inch bolts =x | 


Plate I-A 


Scale -9%i-0" 
wood 


until the bottom almost touches the table upon which the metal 
is to be poured (while just enough tilt is maintained to prevent 
metal from running out) and then the ladle is both tipped over 
slightly on the perforated side and brushed straight across the 
table top. If this motion is executed properly a series of straight 
streams of metal will pour from the perforations and will soon 
cool into long thin sticks, which can be broken into several score 
of one inch pieces. After these pieces have been used in the lab- 
oratory by students, the teacher may gather them up and in one 
melt have a complete supply for use with the next class. Fifteen 
minutes should suffice for the entire operation. The rouge is 
used to prevent adhesion of the alloy to the ladle. When it wears 
away it is easily replaced. Success with this method is based 
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upon a minor skill which will be achieved by a little patience and 
practice. 


3. Corrugated Paper Mold: 


Simpler than either methods 1 or 2 is to melt the alloy down 
in a small beaker, and then to pour it into the grooves of a piece 
of corrugated paper held in readiness. Wooden blocks are placed 
on each side of the paper to close the ends of the grooves. 


4. Fusible Metal Spoon: 


Fusible metal may be used in the form of a teaspoon for class 
room demonstration of ‘‘physical change” and as a ‘“‘magician’s 
stunt.” A satisfactory method for preparing such a spoon is to 
proceed as follows: 

Cut a piece of cardboard of such a pattern and size, that it 
can be creased and folded into a tray or box eight inches long, 
four inches wide and two inches deep. Fasten the four corners of 
the folded box together with gummed paper or tape, so that the 
sides of the box may be lowered at will, and thus permit removal 
of contents of box. 

Fill the box with Plastalene or modelling wax to one-half its 
depth. Press a teaspoon into the wax, so that the former is 
buried to one half of its thickness. There should be a distance of 
from one-half to one inch from any part of the spoon to the sides 
of the box. Press a pair of glass rods to one-half of their thickness 
into the wax, from the shoulder of the bowl of the spoon to the 
very edge of the box. Cover the exposed surfaces of the spoon 
and rods with a light coat of vaseline. Now pour plaster of 
Paris into the box until it is almost full. When the plaster has 
hardened, lower the sides of the box and remove contents. Pry 
the Plastalene away from the plaster cast and return cast and 
spoon in reverse position to that formerly occupied in the box. 
Now cover entire surface (spoon, rods, and plaster cast) with a 
light coat of vaseline and again fill the box with plaster of Paris. 
When hard, open box and remove rods and spoon very carefully. 

Make a channel from the edge of the cast to the top of the 
spoon so that the final effect is a conical cut from edge of cast 
to top of spoon. The cut should be deep enough at the point 
where it touches the top of the spoon to allow free and easy 
passage of the melted metal. Examine openings left in the cast 
by the glass rods. These are for escape of air and should be per- 
fectly unobstructed to the very edge of the mold, so that they 
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appear as two circular holes when the closed mold is examined 
from the top of the mold. The conical channel or gate should 
appear as a third circular hole when viewed from the top of the 
mold. 

Soak a stick of wood in turpentine. Set fire to it and hold first 
the inside of one-half of the mold, then the inside of the other 
half, in the smoke of the burning turpentine, until the insides of 
both halves have become coated with a black film. The soot pre- 
vents adhesion of metal to mold. 

Tie or wire the halves of the mold together very securely and 
pour molten metal into the gate. When cool, open, remove cast- 
ing carefully and trim excess metal away. If the casting is re- 
moved carefully the mold may be used a dozen or more times. 
Such a teaspoon will ‘‘disappear”’ in a cup of hot tea to the great 
enjoyment of pupils and their unsuspecting elders. The metal 
may be removed from the tea-cup and of course cast again into 
the shape of a spoon. 


PRUNING PINE TREES TO PRODUCE BOARDS 
ENTIRELY FREE OF KNOTS 

Pruning young pines and other evergreen trees by a new “upside-down” 
method originated in Russia is expected to produce logs 20 or more feet 
in length yielding boards without knots. The new pruning method was 
originated by P. G. Krotkevich of the Kiev Forest Institute. 

In the conventional pruning method, young trees are permitted to reach 
a certain height with relatively little attention. Then bottom branches 
are cut off, leaving a bunchy little top to develop to full size as the tree 
grows. This, however, leaves the bases of the young branches embedded 
in the heart of the tree, to become knots when the trunk is finally sawed 
into boards. 

In the Krotkevich method, the young tree is permitted to develop a 
bushy growth near the ground, until it is about eight years old. After this, 
its central growth axis, or leader, is prevented from producing any more 
branches above this ground-hugging bush, simply by pinching off all side 
buds. The leader thus grows into a long, slender, pole-like sprout, deriving 
its nourishment from the bushy branches near the ground. Only after it 
has reached a height that will yield a log 18 or 20 feet long is it permitted to 
branch out and form a normal top. Growing in this way, it has no branch- 
— embedded at the center, and hence will produce wholly knotless 
umber. 

The American commentators on the method feel that it is worth a trial 
in this country. 


Rather than delay science one moment, let us urge society to catch up 
with it. Help to ennoble and not degrade the uses of science to a better 
life of the future. 


—Dean MacQuigg. 
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A SCIENCE CLUB THAT HAD A FUTURE 


CARROL C. HALL 
Springfield High School, Spring field, Illinois* 


Out of the great State of Texas comes a story that has in it a 
challenge for every teacher of high school science. Particularly 
those teachers with science clubs. It is the story of a high school 
science club whose activities have influenced a whole section of 
a great agricultural area. 

‘Chemurgy’ is a word packed with meaning for the farmers in 
Texas. The farmers of that state are looking for new crops to 
grow and for new uses for old crops. Their farm papers are filled 
with accounts of new developments in this field of agriculture. 
The great Southwest is experienceing a new adventure in pio- 
neering. No wonder then that out of a rural high school comes 
this amazing story. 

During the school year 1938-39 the School Science Club of 
White Oak High School located at Longview, Texas constructed 
a sweet potato dehydration press that is at the present time the 
backbone of a new Texas industry. Think of it! Not just another 
science-club project to demonstrate an established science fact 
or to amuse admiring fellow-students, but a functional, prac- 
tical machine that solved a genuine commercial problem. 

The development of this press enables the Texas farmers to 
raise profitably the sweet potato on a large scale. The press is 
an important unit in the process of converting the sweet potato 
into starch. The starch produced from the sweet potato is the 
aristocrat of textile starches. The sweet potato starch does a 
better job of penetrating the textile fibres than do other starches. 
It produces a stronger thread with less of the starch. It is es- 
sential in the production of very high grade sheeting and bag 
goods. 

The starch has been found satisfactory in the manufacture of 
adhesives, confectionary goods, and in commercial laundries. 
Now that the starch can be produced more cheaply, due to the 
development of the dehydrator, industrial chemists are conduct- 
ing research to find new uses for the starch in the manufacture of 
beverages, fireworks, vinegar, table syrups, pharmaceuticals, 
and cosmetics. 

In time, the sweet potato starch will replace the sago and tap- 


* Exchange Instructor in Chemistry, Hollywood (California) High School, 1940-41. 
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ioca starches that have been imported into this country for the 
uses just listed. Texas by the development of this new industry 
will become an important link in the development of our pro- 
gram of national self-sufficiency. This is an important factor 
in times of international stress. 

The farmer further profits from the conversion of the sweet 
potato to starch. The potato pulp, after the starch has been 
washed out, is pressed and dried. This pulp is utilized as stock 
feed. 

Now for the part played in the development of this industry 
by the White Oak High School Science Club— 

The development of the commercially successful sweet potato 
dehydrator enables the processing plants to operate on a year- 
round basis rather than just during the sweet potato harvesting 
season. The dehydrated potatoes can be stored without danger 
of having them spoil. This insures the Texas farmer of a year- 
round supply of the dried pulp for stock feed and the manufac- 
turer a constant supply of the starch for conversion purposes. 

The machine developed in the White Oaks High School 
solved the problem of grinding the sweet potatoes in such a way 
that they will hold their starch during the processing. This was 
done by the development of a sawtooth drum rasp grinder that 
did the work more efficiently and cheaper than any previous 
method. The machine also incorporated a press for the removal 
of the moisture content of the potato. 

The work with the sweet potato dehydrator soon outgrew the 
high school environment and was transferred to the chemistry 
department of the North Texas State Teachers College at Den- 
ton. Here a semi-commercial model of the plant was constructed. 
Demonstrations were given throughout the East Texas country 
and much interest in the sweet potato starch industry was stim- 
ulated. Consequently three experimental commercial plants 
have gone into operation and a new industry for Texas looms on 
the horizon. 

Behind all this activity stands the figure of Gilbert C. Wilson, 
the White Oaks High School science teacher. It was his driving 
energy, vision, and long hours of thought and labor that trans- 
ferred an idea into reality. Today, Wilson is a member of the 
faculty at North Texas State Teachers College and is a teacher 
of farm industrial chemistry. Needless to say that school is con- 
tinuing its research program in the chemurgical uses of the sweet 
potato and other plants native to Texas. 


SOME SIMPLE NUMERICAL RELATIONS OF 
OUR COMMON WEIGHTS AND MEASURES 


K. GorRDON IRWIN 
Colorado State College, Fort Collins, Colorado 


There are some remarkably simple relationships to be found 
in our common system of weights and measures that do not seem 
to have found their way into our textbooks of science and math- 
ematics. Their recognition can be used to make our classroom 
work both interesting and practical. 

When the metric system was established a unit of weight was 
desired. This unit was arrived at by using a tank that had a 
capacity of exactly one cubic decimeter and having it filled with 
rain water that was cooled to the temperature at which its den- 
sity was greatest (4°C.). This weight of water was divided into 
1000 equal parts; one of these parts was used as the unit of 
weight and given the name of “gram.” The method thus used to 
secure a unit of weight has been given great scientific praise and 
referred to as “‘a stroke of scientific genius.”’ Yet identically the 
same method had been used half-a-thousand years earlier with 
a cubic foot tank to secure the weight of the ounce—and this 
fact has been given too little recognition.! A somewhat similar, 
but less simple plan, had been used in the connection with the 
volume to be given to the gallon—and this, too, has missed gen- 
eral recognition. 

The relations between the foot, ounce, pound and gallon can 
be briefly summarized as follows. 

For water at 4°C., the temperature at which its density is at a 
maximum— 

1 cubic foot = 1000 ounces 
16 cubic feet = 1000 pounds 
32 cubic feet= 1 ton 


12 gallons 100 pounds 
3 quarts = 100 ounces 
30 quarts 1 cubic foot 


II 


These are not rough values. All are accurate to within 4/100 
of one per cent. The extremely small error that does exist came, 
apparently, as the result of a very slight change in the weight of 


1 It had also been used by the Egyptians and the Romans, as is explained in an article by the author 
that appeared in ScHoot ScIENCE AND MATHEMATICS, 39: 126-32 (Feb. 1939). 
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the pound made in the time of Queen Elizabeth; this change was 
to make the pound exactly equal to 7000 troy grains. 

It has been emphasized over and over in the science books 
that the values of density as expressed in metric units are def- 
initely superior to the corresponding values expressed in com- 
mon units in that they make specific gravity tables unnecessary. 
Yet the weight in grams of a cubic decimeter (or liter) of a sub- 
stance is numerically the same as the weight in ounces of a cubic 
foot of the substance. Whatever advantage one plan would pos- 
sess would be found in the other plan. As examples of the two 
ways of expressing density, mercury and hydrogen may be 
chosen as the substances. A cubic decimeter, or liter, of mercury 
has at 0°C. a weight of 13,600 grams; a cubic foot has a weight 
of 13,600 ounces. A liter of hydrogen measured under standard 
conditions has a weight of 0.09 grams; a cubic foot has a weight 
of 0.09 ounces. 

In the science classes some of the relations that have been 
mentioned can be used, to advantage, in connection with the 
presentation of the topic of water pressure due to depth. The 
following material summarizes the relationships that may be 
used. 


Depth of Pressure at a temperature 
water of 4°C. 

1 foot 1000 ounces per square foot 
16 feet 1000 pounds per square foot 
32 feet 1 ton per square foot 
23.04 feet 

(approx. 23 ft.) 10 pounds per square inch 
27% inches 1 pound per square inch 


Water expands upon heating. At 20°C. (68°F) each pressure is 
} of one per cent less than that given. Unless great accuracy is 
desired the correction can be ignored. 

The relationships between length, volume and weight can 
also be used in connection with air pressure. The average air 
pressure at sea level is commonly considered as being equal to 
that of a barometer reading of 30 inches of mercury. According 
to Weather Bureau records the average air pressure varies with 
the season of the year. It also varies somewhat with the latitude. 
For a latitude of 50° N the annual average is reported as 29.95 
inches. For 45° N the average is 29.98 inches and 30.00 inches for 
40° N. These readings are for a barometer in which the mercury 
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has a temperature of 0°C. At that temperature mercury has a 
density of 13,600 ounces per cubic foot. 

For an air pressure equal to 30 inches of mercury the following 
simple relationships exist. 


30 inches of mercury = 34 feet of water 
Pressure per square foot 
= 34,000 ounces or 
2125 pounds or 
1 1/16 tons 
Pressure per square inch 
= 14.7 pounds 
Upon every 7 square inches the pressure 
is very nearly equal to 100 pounds 


As may be judged by the relationships that have been pointed 
out the common system of weights and measures offers wide 
possibilities of use in our science classes. Since the fundamental 
units in that system will be used over and over by the student in 
his adult life an emphasis placed upon the simple relationships 
between those units should make our science teaching both in- 
teresting and practical. 


REMAGNETIZING OLD COMPASSES 


W. C. FERGUSON 
Arkansas State Teachers College, Conway, Arkansas 


In nearly every laboratory many of the small 10 mm. com- 
passes are found with their poles reversed. This occurs in some 
of the larger compasses as well if students abuse them during 
laboratory periods. The object of this article is to pass on to 
other teachers the method I have found to be most satisfactory 
in reconditioning compasses. 

Wind about one hundred turns of No. 29 or No. 30 insulated 
copper wire on a piece of cardboard mailing tube that is ap- 
proximately 13 inches in diameter and 3 inches in length. Con- 
nect this coil in series with a rheostat to the secondary of a step- 
down transformer that provides 10 or 20 volts. As indicated in 
the diagram, 7 is the transformer, R the rheostat, C the coil, and 
K the switch that has been added as a matter of convenience for 
the operator. 

To demagnetize the compass, insert it in coil C, close the 
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switch A, and remove the compass a few seconds later while the 
current is still flowing through the coil. The compass is now de- 
magnetized. Open the switch. In order to magnetize the com- 
pass insert it again in coil C, close the switch and leave the com- 
pass in the coil until the current is turned off. The compass is 
now magnetized and ready for use. 


CIRCUIT FOR MAGNETIZING AND DEMAGNETIZING COMPASSES 


Larger compasses may be reconditioned in the same manner 
if large size coils are made in the beginning. If a transformer is 
not available to step down the 110 A.C., set up a water resist- 
ance in series with the coil C and the switch K. A glass battery 
jar about one-half full of water and provided with two pieces of 
metal to serve as terminals is suitable. Add just a little of some 
electrolyte such as table salt, baking soda, or a few cubic centi- 
meters of sulfuric acid to the water. More may be added later 
if more current is needed. If too much current is flowing and the 
coil heats rapidly raise one of the terminals slightly. This device, 
or jar, may be used with coil C as indicated above on the ordi- 
nary 110 A.C. circuit. 

In addition to the use of this circuit for reconditioning com- 
passes, it provides a means of demonstrating the principle used 
by the jeweler in the demagnetization of a watch. 


EXPEDITION TO COLLECT BIRDS IN MEXICO 


Plans for a Cornell University-Carleton College ornithological expedi- 
tion into Mexico in 1941 have just been announced. 

The leader will be Dr. George M. Sutton, curator of birds at Cornell, 
and Dr. C. S. Pettingill, zoology instructor at Carleton. 

The expedition will be gone from February to June, 1941, during the 
Mexican birds’ breeding season, and will be based at Rancho Rinconada, 
in southwestern Tamaulipas. Work will be mainly in that state and in 
San Luis Potosi, Vera Cruz and Hidalgo. 
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FORMULAS FOR VOLUME BY SIMPLE ALGEBRA 


Joun J. Cor.iss 
De Paul University, Chicago, Illinois 


The formulas for the volume of the solids occurring in solid 
geometry texts may all be regarded as special cases of Simp- 
son’s One-Third Rule. This rule can readily be obtained without 
a knowledge of calculus. Further only a knowledge of plane 
geometry is required to show that for the various figures of solid 
geometry the limiting value of the sum as given by Simpson’s 
Rule is in reality the desired volume. We assume here then a 
knowledge of plane geometry. Next we state the formulas for 
the following sums. 


1 
(1) sage... 
n(n+1)(2n+1) 
(2) +2?+3?+ +n 7 
(3) 134234334... 


These are readily proved by induction. 

Consider now a solid figure; such as a cone, a carrot, a piece 
of cheese, a potato, or a loaf of bread cut into slices by (n +1) 
parallel planes equally distant apart, say 4 apart. The volume of 
any slice is approximately equal to its upper cross-sectional area 
times its thickness, 4. In order to include the volumes of all the 
figures ocurring in simple applications we assume that the area 
of any cross section may be expressed by the cubic 


(4) f(x) = ao+ayx+ 


where x is the distance to the (r+1)th cutting plane measured 
from some fixed plane which is parallel to the cutting planes. 
Let 


(5) x=Xotrh. 


Then x =» corresponds to the first of the (7+1) cutting planes, 
or to the lower base, x =x»+/ to the second cutting plane and 
x=xX9+rh to the (r+1)th cutting plane. The volume of the 
first slice will be equal approximately to its upper cross-sectional 
area times its thickness or equal to 
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(6) f(xo+h)h= [aotar(xo+h) + a2(xo+h)?+ 
Similarly the volume of the rth slice is equal approximately to 
(7) f(xot+rh)h= [aot+ar(xo+rh) + 


The volume of the entire solid is approximately equal to the 
sum of the approximate volumes of the m slices. Further as the 
number of slices increases the differences between the true vol- 
ume and this approximation obviously decreases and approaches 
zero as a limit. 

The mathematical problem is then to find the sum of these n 
approximate volumes and then to find the limit of this sum as 
increases without limit. This problem is readily handled by cal- 
culus. Also in one form or another it is treated in solid geometry. 
It is the purpose of this paper to solve the problem using only 
the simplest of algebra. After multiplying out and collecting 
terms equation (7) may be written in the form 


f(xot+ rhyh = (ao+ dexo?+ d3Xo°)h 
+ (a, + 
+ 3a3x9)h*r? 
+ (a3)h'r®. 
This is the approximate volume of the rth slice and our prob- 
lem is to find the sum of the approximate volumes of the n 
slices. Setting r=1, 2, . . . m, in equation (8) and writing out in 
detail gives m expressions similar to (8). Adding these vertically 
by means of equations (1), (2), and (3) gives for the approxi- 
mate sum, S,, of the m slices the expression 
n(n+1) 
2 


9 1)(2n+1 
+ (d2+ 3a3xo)h* 


(8) 


+ 3a3x9")h? 


n(n+1) 2 
"9 | 2 | 


To find the limit of this sum, S, as increases without limit as- 
sume the height to be 2H so that 


(10) nh=2H. 
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Then the expression for S, becomes after replacing hn by its 
equal 2H 
= (do+ Xo+ + a3xXo*)2H 
(4H? h2H 
+ 2a2x%9+ —-+— ) 
2 2 
16H* hi2H? 


+ (02+ Sasta)(—— ) 
6 6 6 


(11) 4H? h2H\? 
2 2 


Finally we note that as the number of slices increases the thick- 
ness of each, /# decreases so that in the limit 4 becomes equal to 
zero but nh always equals 2H. Consequently the terms in equa- 
tion (11) involving # approach zero as n increases. Hence the 
limiting value of the sum, S, is 


S = + 
+ (a) + 2dex9+ 33x97) 2H? 


(12) 
+ (de+ 3a3X0) 


+ (a3)4H". 


Here we assumed the height of the figure equal to 2H. Rear- 
ranging the terms of equation (12) shows that the cross sections 
of the figure actually used in the formula for its volume are the 
upper and lower bases and the mid-section. The formula for the 
volume being 


2H 
(13) S= Lf xo) +4f(x0+ H) +f(xo+ 2H) |. 


This is Simpson’s One-Third Rule. It is also the prismatoid for- 
mula of solid geometry. The derivation given here shows that it 
is of far greater application than the solid geometry derivation 
of it would indicate. 

If we assumed the height of the figure equal to 3H, that is, if 
we let 


(14) nh=3H 


then a similar argument and rearrangement of terms leads to 
Simpson’s Three-Eighths Rule 
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3H 
(15) + H) + 2H) 3H). 


Here we need to know the area of four equally distant cross sec- 
tions. 

It is natural to ask if the number of cross sections whose area 
is required can be reduced to two. The answer is yes. By match- 
ing the terms giv en in equation (12) against those represented 
by the expression 


(16) S=H|rf(xot+m)+sf(xo+n) | 


we obtain the following system of equations for determining the 
arbitrary constants, r, s, m, and n 

( r+s=2 

| rm+sn=2H 
(17) 

H? 

One solution of this system is 


m -(1 
(18) { 3 


/3 
| 
l 3 


whence the formula for S may be written in the form 


(19) S=H E +4( swt (14%?) | 


where the height equals 2H. 

It is to be noted that all the formulas given are exact for any 
solid whose cross-sectional area is a function of the third degree 
or less of the distance from some fixed plane parallel to the 
cutting planes. For more complicated figures these formulas usu- 
ally give good approximations to the true volume. Taking the 
cutting planes closer together, of course, increases the accuracy 
of the approximation. 

Simpson’s One-Third Rule is the more popular of the formu- 
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las given. As an illustration of its use, suppose it is required to 
find the volume common to two equal right cylinders of radius 
a which intersect at right angles. Taking the upper and lower 
cutting planes as just tangent to the cylinders and the middle 
section as the plane containing the axes of the two cylinders, it 
is readily seen that the area of the upper and lower bases are 
zero and that of the middle section is 4a”. Further the area of 
any section parallel to the middle section and a distance x from 
it is equal to 4(a*—x?). This is a function of the second degree 
in x so that our formula will give the exact volume. The height 
of the common volume is 2a. 

Substituting in equation (13) gives 


2a 
(20) [0+4.4a?+0]= 


Due to the lack of space the writer has not developed here the 
various special cases, such as, the formula for the volume of a 
pyramid, a cone, a sphere, a segment of a sphere, the frustum of 
a cone, etc. The usual formulas for these are all readily obtained 
from Simpson’s One-Third Rule. 

The method given here was developed to meet the needs of a 
class in applied mathematics who had had no calculus, no solid 
geometry, and no trigonometry or college algebra. The author 
can assure anyone interested that this method when presented 
in detail can be readily grasped by such students. All the formu- 
las of solid geometry can be obtained in two class periods. How- 
ever, many students prefer to rely solely on Simpon’s Rule and 
to adjust it to the problem in hand. 


PRODUCTIVE WORK A NECESSARY ELEMENT 
OF EDUCATION 


The school can introduce productive work without wages into its pro- 
gram in accordance with thoroughly legitimate educational principles if it 
convinces young people that it is their duty to contribute to community 
welfare. . .. Schools can also put their pupils in contact with opportuni- 
ties that give practical work training and prepare more directly than does 
ordinary school work for later employment by arranging with industries 
to give pupils part-time employment. . . . Those who are to enter the pro- 
fessions need to labor at some period in their lives in order to gain an under- 
standing and appreciation of what labor is. Those who are going to earn 
their living by labor have a right to be trained under competent supervision 
so that they may enter on their careers under the most favorable conditions 
possible.—Excer pt from a report of the Committee on the Secondary School 
Curriculum of the American Youth Commission. 


HUMANIZING THE PHYSICAL SCIENCE 
TERM REPORT 


BAILEY W. Howarp 
Pasadena Junior College, Pasadena, California 


Every teacher of high school chemistry or physics is probably 
conscious that these courses contain fundamental principles and 
important everyday life implications which get less emphasis 
than they deserve. The wealth of facts to be mastered constitute 
one limiting factor in the achieving of this broader type of ob- 
jective. The student attempts to master a large amount of new 
factual material but often times he is not able to get many new 
ideas with wide enough everyday significance to be of living in- 
terpretative value to him. At Pasadena Junior College the 
eleventh year physical science course aims primarily at these 
more general outcomes and emphasizes the impact and influence 
upon human affairs of developments in the fields of chemistry, 
physics, mathematics, geology and astronomy. 

Among the more than 650 students enrolled in this course are 
to be found all of the types and grades of ability common to 
eleventh year students. The usual variety of educational plans 
and programs for the future are also represented. Manifestly the 
course cannot be classed as a consumer-science type for only 
non-science major students. Instead it fills a very definite func- 
tion of orientation in the field of the physical sciences for all 
eleventh year students who in the 6-4-4 plan are at the be- 
ginning of their four year upper grade educational experience. At 
the same time it is accredited by the University of California 
as equivalent to high school physics and chemistry both for en- 
trance and for Junior Certificate Standing. 

It should be pointed out that science majors and others 
whose courses require credits in both chemistry and physics 
have no difficulty in completing the equivalent of these two 
courses in two years. Such students in their twelfth year supple- 
ment the physical science course by a semester each of a special 
chemistry and a special physics course. These semester courses 
are designed to fit onto the eleventh year course. It should be 
emphasized in passing, that there is ample evidence to show that 
students taking these two years of the newer courses equal and 
exceed the achievement of students who have taken the tradi- 
tional high school chemistry and physics. As will appear later, it 
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is believed that these newer courses give certain valuable edu- 
cational outcomes which the traditional courses can scarcely be 
expected to achieve. 

The question naturally arises as to how this new, five year old 
physical science course is different from the usual high school 
chemistry and physics. As in these latter courses, the basic facts, 
principles, theories and laws in these sciences as well as in geol- 
ogy and astronomy are presented. Less emphasis is placed how- 
ever on the learning of such material and considerably more em- 
phasis is put upon the influences and significance of the physical 
sciences in human affairs. By this change in emphasis it is possible 
to become more familiar with the methods by which scientific 
facts, laws and principles are developed. Constant siress is 
placed on the reasons why such scientific methods produce re- 
sults and on their applicability to the everyday life of everyone. 

Of equal importance and emphasis is the understanding of the 
impacts which science, scientists, and their methods have made 
upon human life and activity in the past and present. Striking 
illustrations of how Ptolemaic versus Copernican theory, Aris- 
totle’s versus Galileo’s methods of study, or of alchemist versus 
Roger Bacon-Robert Boyle procedures have ultimately revolu- 
tionized cultures, habits of thought, and civilization itself, are 
shown to have an educational contribution to make to anyone 
who is to try to understand our modern complex existence and 
to do his part as an active, intelligent citizen. The possibility is 
considered that present day fumbling and groping with eco- 
nomic and social problems may be due at least in part to the fact 
that too little or no emphasis was put in the education of the 
present adult generation, upon man’s development of power and 
power machines, methods of rapid communication and transpor- 
tation, and new materials involving world wide commerce, and 
upon the economic and social changes which followed. 

Methods for giving such an emphasis to a science course will 
vary and necessarily will be influenced by such factors as class 
size, teacher load, and teaching facilities. In the Pasadena physi- 
cal science course a compromise with teaching cost has led to 
setting up a weekly program of four somewhat different types of 
student experience. Two days per week each student is in a lec- 
ture group numbering up to 108 students. Visual methods of all 
kinds are emphasized here with demonstrations, slides, moving 
pictures and sound films. The other three days in the week this 
group of 108 is divided into three groups of 36 each. Each group 


| 


THE TERM REPORT 853 


has during these three days a laboratory, a discussion, and a 
reading period. 

Effort is constantly made to prevent this apparently formal 
weekly schedule of activities from producing formal methods 
and routine educational results. It is felt that one worthwhile 
activity which is important in developing desirable outcomes is 
to be found in the term report required during each student’s 
last semester. Here is one of the places where individualizing 
and personalizing of instruction can and does take place. It nec- 
essarily must occur if the eleventh year student is to reach the 
outcomes set up for the course and for this semester project. 
This is true because scarcely any student up to this time in his 
education has attempted to think and to interpret his ideas to- 
ward the outcomes set up for this piece of work. 

Quoting from directions for student activities in the last unit 
of the text Our Physical World* prepared for this course the stu- 
dent is told: “After several months of study you should have 
gained an understanding of some of the important principles of 
science and their place in the development of civilization. You 
have doubtless also formed some opinions about the place of 
science in the important problems of the day. These opinions 
may differ from those of your classmates or instructor, but if you 
have facts which apparently support them, they deserve con- 
sideration. 

“In completing this last unit in physical science, you should 
prepare a paper on some aspect of science which affects an eco- 
nomic, political, or social problem. . . . If you are interested in 
the promotion of world peace, you could make a study of the 
methods by which science might be used in the interests of 
peace rather than war. The purpose of this paper is to give you 
the opportunity to develop a new idea which has resulted from 
this course, not merely to report on your reading.” 

The date for reporting a tentative subject for the report is set 
early in the first semester. In spite of previous explanations and 
discussion as to what is desired, almost invariably such subjects 
as the following are handed in at first :— 

A History of Radio, The Life of Edison, or Artificial Refrigera- 
tion. 

Obviously it is necessary for the teacher to individualize his 
comments on such traditional topics. The student must be 
helped to see that his report will only be satisfactory in the de- 


* Eckels, C. F., Shaver, C. B., Howard, B. W. Our Physical World. Benj. H. Sanborn & Company. 
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gree in which he uses such a topic to give his own thinking and 
conclusions with respect to its importance, influence or poten- 
tiality in human affairs and life about him. Discussion can bring 
out that Our Radio-Influenced World or Edison’s Indirect In- 
fluences on My Life, or How Refrigeration Can Change Food 
Habits, are title statements which suggest the desired point of 
view. Emphasis is placed on the fact that reading can only sup- 
ply the material for thinking in this report. Thinking in terms 
of the human influence, social impact or economic result is the 
process which is desired. 

Not every eleventh year student will get the desired view- 
point unless endless time is available for personal consultations. 
The great majority however do get the idea after one or two con- 
ferences or detailed written comments on tentative topics or out- 
lines have been made. It is interesting to note that the grasping 
of the new viewpoint for a report seems to develop a new and 
fresh interest on the part of nearly every student in writing the 
term paper. It is probably because opportunity is afforded to 
form and to express his own opinion, an activity which is en- 
joyed more or less by most human beings, but which is too often 
limited in many school courses. 

Originality in form and method of presentation is encouraged 
and is willingly adopted in many reports. Illustrations from 
magazines, advertising pamphlets and similar sources are ef- 
fectively used by some students. Some turn in cards on which 
samples or examples are mounted. Satisfactory final results are 
usually closely correlated with the setting up of a definite time 
schedule for handing in such progress reports as Tentative Topic, 
Preliminary Outline, Final Outline, etc. The preliminary outline 
is usually the place where the teacher makes the most careful 
and detailed comments and suggestions to develop the desired 
attitude and viewpoint in the mind of the student. 

The idea of a term report is certainly not new. For eleventh 
year students however it is something of a new experience to 
select from their year’s work in physical science a topic or area 
in which to attempt to show their own idea of what its impor- 
tance has been, now is, or may be in social or economic affairs. 
The extent to which this human influence point of view has been 
developed throughout the year is seen in the readiness with 
which the student “gets the idea.” It is only when a course is 
freed from the traditional subject matter mastery and mathe- 
matical problem-solving necessity that some of the more intan- 
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gible but humanly significant objectives can properly be em- 
phasized. 

During the entire year’s work at every opportunity such a 
viewpoint of the significance and potentiality of the physical 
sciences has been emphasized in lectures, laboratory, reading 
and discussion periods. Students have been encouraged to think 
in these directions. Some do not seem to mature sufficiently to 
evidence much growth in ability to make such interpretations. 
But taken as a group the large majority show an increasing 
ability to see the results of science in their everydy life. They be- 
gin to see some of the problems which have arisen from the in- 
complete or unbalanced applications of inventions and practical 
developments of science. Often times this somewhat new experi- 
ence of seeking to interpret life in terms of facts learned in 
science has a very noticeable maturing effect on the personality 
of the student. 

One of the purposes of this sort of final semester report is to 
draw together and capitalize the results of these new viewpoints 
and attitudes. In many cases surprisingly mature results come 
from the student’s serious effort to do his own thinking and to 
express his own thoughts and conclusions. It is believed that 
some of this interpretative viewpoint toward everyday prob- 
lems, where something of the scientific attitude and method is 
applied will continue along through life with the student as a 
highly desirable educational acquisition. Certainly it has a 
somewhat better chance for survival than has the remembering 
of a wealth of facts, important though they may be in chemistry 
and physics. 


TEACHING KIT OF AVIATION AIDS 


The United Air Lines Transport Corporation has prepared a valuable 
teaching kit of helps for teachers and students of aviation. It consists of 
the following: 

1. A manual of teaching helps from aviation to enrich the study of his- 
tory, geography, civics, English, science, etc. 

2. Twelve printed pictures of planes and air travel (11” X 133") for use in 
class and later for hanging in the school room. 

3. An aviation wall map (20” x24") and colorful poster material for class- 
room decoration. 

4. Forty printed pieces (8” 10") for free distribution to the students to 
take home. These pieces have a small map on one side of the sheet, and 
the new Douglas DC-4 Super Mainliner on the other. 

5. Suggested uses of all materials in the kit. 

These kits may be obtained for ten cents each from The United Air 
Lines, 5959 S. Cicero Avenue, Chicago, III. 
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AN IMPROVED SEQUENCE IN PHYSICS 


ELBERT PAYSON LITTLE AND RUSSELL STURGIS BARTLETT 
Phillips Exeter Academy, Exeter, New Hampshire 


Not so many years ago it was standard practice for physics 
majors in college to study a year of general physics, and to fol- 
low that by a second and sometimes a third year of general 
physics before specializing. With the increase in importance of 
the various special fields, this practice has almost vanished; yet 
there were very valid reasons for the arrangement. Most im- 
portant, perhaps, was the return to familiar fields during the 
second and third years with new knowledge, new tools, sharp- 
ened appetites and interest. The educational process finds its 
full fruition in the recognition of relatedness of adjacent fields 
of study. The student finds the fullest satisfaction when he dis- 
covers, for himself, that something studied in another room, or 
in another year, has an immediate and important bearing on 
something now before him. 

During the past year we have carried out a program of sec- 
ondary school physics which has succeeded in realizing some of 
the advantages suggested above, doing this in a course of a 
year’s duration, while still conforming to requirements for ad- 
mission to college. In the process, we find that, even in the first 
year of the new program, when there are roughnesses still to be 
eliminated, when there is much creaking of the machinery and 
considerable improvising, our results, measured by such external 
standards as are available, seem to surpass those of previous 
years following a more conventional program. Oddly enough, 
the most marked advantage of the arrangement was not the 
primary motive in setting up the new order. 

Inequalities in difficulty in the old order were probably most 
instrumental in bringing about the change. Students were found 
to flounder so badly in parts of mechanics that they were dis- 
couraged almost to the point of dropping the subject. Later they 
found parts of sound and light so easy that they developed a 
false sense of security. Furthermore, interim marks given after 
a severe or an easy section failed to evaluate the true worth of 
the student. In general, faculty and students alike had begun to 
wonder if there was any reliability or continuity to the marks we 
gave in physics. 

Accordingly, we set to work to plan an order of progress 
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through the various fields of physics, arranged in gradually in- 
creasing difficulty. It was our aim to develop skills and methods 
of thinking and working while dealing with simpler concepts, 
then to use these in the next stage while developing from them 
further skills and abilities. We believed that any difficulty 
brought about by changing frequently from one major field of 
physics to another would be compensated, and more, by the 
advantages of the gradual growth of difficulty and the ability to 
cope with it. 

As the plan took shape in our minds and on paper, it soon ap- 
peared that certain misgivings we had had were entirely without 
foundation. For example, the transition from one branch to an- 
other appeared to become easy and smooth, once the plan was 
worked out. Later on in practice, these transitions proved to bea 
positive gain, one of the great merits of the system. 


There is no reason to suppose that this arrangement is the 
only one which can succeed. Many decisions were made on the 
slimmest sort of evidence or conviction. As the plan grew, it ap- 
peared that much of the later progress was determined by a few 
of the earlier decisions. In many cases we decided to follow a 
certain line merely because it appealed to us at the moment. If 
we were planning such a program again, after a different back- 
ground of experience and actuated by slightly different motives, 
it is probable that a new order would develop, equally or perhaps 
more successful in practice. The one and only absolute require- 
ment is an open mind, a willingness to relinquish certain proce- 
dures that were considered essential, in order to give a full and 
complete trial to the new style. 


For a few years prior to the inception of this plan, our col- 
league, J. C. Hogg, teaching a two year sequence in physical 
science, had started the course with hydrostatics and heat, as 
the part of physics most fundamental to a study of chemistry. 
In order to simplify the problems of handling apparatus, we had 
tried the same order for beginning a one year study of physics. 
Since this approach had proved fairly satisfactory and seemed 
to fit in with the underlying ideas and ideals of our program, we 
have retained that beginning, with slight modification. In the 
program which is given now in detail, before we attempt a dis- 
cussion of its merits, we have made one or two minor corrections 
based on the experience of this year, so that the program given 
is that which we plan to follow in 1940-1941. 
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Matter. Weight. Density and Specific Gravity. Units of Measurement. 
Moment of Force. Weighing. 

Three States of Matter. Properties of Solids. Elasticity, etc. 

Liquids. Pressure, Buoyancy. 

Gases. Atmosphere. Barometer. Compressibility. 

Molecular Theory and Phenomena. 

Heating and Expansion. Gases. Thermometry. 

Calorimetry and Change of State. Vapors. 

Transfer of Heat. Radiation. 

Heat Radiation and Light. Reflection. Refraction. Geometrical Optics. 
Wave Theory as Needed to Explain Refraction. Instruments. 

Electric Heating and Lighting. Currents. Effects of Current. Electrostatic 
Forces. Potential. Ohm’s Law. 

Magnetism and Electromagnetism. Motor and Generator. 

Simple Machines and Work. Mechanical Advantage. Power. Efficiency. 

Components on the Inclined Plane 

Accelerated Motion. Force and Motion. Energy. 

Extension of Energy to Other Fields. Energy of Liquids. 

Electrical Power and Energy. Motor and Generator. 

Heat and Mechanical Energy. Conversion Factors. 

Kinetic Theory of Heat. Molecular Phenomena and Energy. Boyle’s and 
Charles’ Laws. Evaporation and Vapor Pressure. Refrigeration. Liquid 
Air. 

Sound (Transmission of Energy by Waves) 

Wave Theory of Light. Color. Spectra. Interference. 

Equilibrium. Moments. Resolution and Composition of Forces. 

Electrostatic Induction. Condenser. Electrolysis. Alternating Currents. 

Modern Physics. Electronics. 


It was evident from the start that transitions from one field 
to another must be justified and made plausible by a linkage of 
the two adjacent topics. At first it appeared to us that in some 
cases the linkage might be more apparent than real. We set out 
to establish the connection by occasional reference to things to 
come and by suggestions that present studies would be more sig- 
nificant in the light of further knowledge and deeper under- 
standing. Most fundamentally, we tried to use the knowledge 
and experience of the average student as a jumping off place for 
our excursions, using as a motivating force his natural curiosity 
to explore regions just beyond his horizon. As the knowledge 
and understanding of the students increased, as the horizon of 
knowledge ever widened and the realms nearest and ready for 
understanding increased in size, we continued our explorations, 
always over ground that lay nearest, and over regions already 
glimpsed from afar. As a student’s knowledge and understand- 
ing expand, there must always be, at any point in education, 
certain fields of knowledge which are readiest for apprehending, 
as fruit is ripe for the plucking at a certain season. It was ever 
our aim to find these fields which can be learned with least ef- 
fort, to turn our attention to them while getting a glimpse of 
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the next field, and the next. It was never our idea that a topic, 
once started, should be covered completely. In fact, it could not 
be, since any topic is fully understood only when it is seen in its 
relation to other fields. On the other hand, it was vitally neces- 
sary for the morale of the students, if for no other reason, that 
any topic, once undertaken seriously, be dealt with in sufficient 
detail and with such examples and illustrations, numerical and 
otherwise, that the student felt confidence in his grasp of the 
subject, and confidence in his instructor and the general han- 
dling of the course. 

The introduction to the subject through the general proper- 
ties of matter is obvious enough. Weight and density are intro- 
duced first. From them arises the need for measurement and the 
units of measurement. The moment of a force comes in naturally 
in connection with weighing, but the detailed study of equilib- 
rium is postponed almost to the end of the course. After weigh- 
ing with a platform balance, the spring balance leads to a de- 
mand for Hook’s Law and elasticity. The elastic limit and other 
properties such as malleability lead to a discussion of the various 
states of matter. Thus we embark on a detailed study of the 
properties of liquids. The study of gases ends with Boyle’s Law 
and the restriction that the temperature shall remain constant. 
The students naturally ask what would happen if the tempera- 
ture did not remain constant, and we find ourselves engaged in 
a study of heat. In this field it is simple enough to bring in the 
idea of molecules and molecular motions, postponing the fuller 
proof of the concept to a later time. It is possible to show simply 
vaporization and vapor pressure in its relation to molecular 
theory. Last in heat comes a study of the modes of transfer. Ra- 
diation, the last of these, is somewhat mysterious and challeng- 
ing. We decide to find out more about it by a study of light. 
Though we do not, at this time, seek to prove the wave theory, 
the idea may well be used to clinch the law of refraction. 

Having seen various forms of electric lights, the students are 
keen to know more about them. Accordingly, we give them a brief 
introduction to current electricity, with Ohm’s Law and the 
concept of potential and resistance. We did not, last year, in- 
troduce any electrostatics at this time, and rather felt the lack. 
Next year we plan to take up the law of force, to give reality to 
the driving force of electric potential. Induction and the con- 
denser are left till later. Magnetism and electromagnetism lead 
into the generator and motor—just a glimpse. The need is dis- 
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covered for a better understanding of mechanics. What is the 
meaning of work and power? What is the relation between force 
and motion? So we are back in mechanics, which is done 
thoroughly, with better understanding in January and Febru- 
ary than we have ever found in October and November. Even 
so, equilibrium is left till later, machines being treated as cases 
of motion, doing work. Components, introduced quite naturally 
in connection with the inclined plane and used again with 
velocities, pave the way for the later study of the crane. 

When we have grasped the idea of energy, kinetic and poten- 
tial, and other forms, we are ready for a general review of all 
that has gone before, viewed now in its relation to this new and 
all inclusive concept. Energy in molecular motions, energy in 
liquids, conversion of heat to mechanical energy or the reverse, 
conversions between electrical and mechanical forms, all are 
considered together. Here we require, naturally, more intensive 
studies in certain fields; notably, liquids in motion, motors and 
generators, refrigeration, and molecular phenomena. 

Sound, an example of the transmission of energy by wave- 
motion, leads us into the wave theory of light, together with 
color and spectra. The return to light is made the occasion for 
another general review. Equilibrium, coming next, naturally re- 
calls parts of mechanics studied earlier. A laboratory experiment 
on moments involves a determination of specific gravity by 
Archimedes’ Principle. 

Some features of atomic electricity, together with the con- 
denser and alternating currents, complete the program. Thus 
the student is brought to the end of the year, having touched on 
almost all topics more than once, having gained confidence and 
familiarily with the return to old friends. And it is the more use- 
ful in that the old friends are seen in the light of new knowledge 
and increased understanding. The relation of each part of the 
subject to other parts is clearly seen, and its relation to the 
student’s experience makes the study all the more real and in- 
teresting. Furthermore, through the process of enlarging the 
student’s experience as he goes forward through the course, it is 
rarely necessary to study in detail an idea that is wholly new. 
Each topic to be dealt with is introduced early to induce famil- 
iarity. Later it is brought out again and studied in as much de- 
tail as possible without an attack of mental indigestion. Then it 
is left for a process of gradual assimilation while other new top- 
ics are dealt with in similar fashion. Finally, it is viewed in rela- 
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tion to other knowledge and experience subsequently acquired. 

From the results of a single trial, with eighty students in six 
different sections, we are convinced that this approach is highly 
successful. The reaction of the students, judged subjectively, 
has been remarkably favorable. Their interest has been good at 
all times. Students who were becoming discouraged by the rigor- 
ous analysis of one part found a new interest and enthusiasm 
when we changed to another topic. Though there were times 
during the year when they seemed not quite so confident as 
might be desired, in the end their understanding appeared quite 
as good as it has ever been for such a group. In addition, they 
had the important advantage of having continuously before 
them the whole subject of physics rather than its component 
parts. 

For objective judgment of results we have only one criterion. 
Toward the end of the year the students following this course 
of study were given two objective achievement tests, one our 
own, one constructed by an external examining body. Another 
group in the school, completing a course extending over a year 
and a half but covering essentially the same ground, took the 
same two tests. The group which followed the new program did 
markedly better than ever before, in comparison with the other 
group following the longer course. 


GLASS FOR MEDICAL DEFENSE WORK 


American chemists and glass makers have overcome the threatened war 
shortage of an important German-made medical glass by learning how to 
make this rare glass here, W. L. Munro, president of the American Window 
Glass Company announces. 

The particular glass in question is the very thin and clear glass used as 
cover slips. Like the cloth slip covers used by careful housewives to protect 
furniture, these glass cover slips are used to protect blood or other material 
being examined under a microscope. 

Medical examinations of the men drafted for Army training will in- 
crease the need for this glass more than 33%, it is stated. During the 
World War, medical scientists were hampered in some of their work be- 
cause this type of glass could not be made anywhere but in Germany and 
of course that supply was cut off. 

The glass, is to be known commercially as Lustra Cover Glass, is ex- 
tremely thin and practically colorless. Its thickness varies from 5/1000 of 
an inch to 10/1000 of an inch as compared with the normal home window 
glass that is 91/1000 of an inch in thickness. 

A total of 36,000 separate 3-inch square cover slips will only equal the 
ogee of glass in a glass block 12 inches long by 12 inches with by 1 inch 
thick. 
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THE MATHEMATICS OF THE MODERN 
CURRICULUM 


CARL G. F. FRANZEN 
Indiana University, Bloomington, Indiana 


When we attempt to give consideration to the problem of 
mathematics we find that we encounter various meanings of the 
term. Mathematics deals with aspects of measurement which are 
both quantitative and spatial. It is a type of activity which is 
ever present and never absent; it is a continuous process which 
attends us from the moment of conception to the door of death. 

In the history of civilization mathematics has developed very 
slowly, due possibly to the fact that the genius of the race could 
not compass its abstruse abstractions until society had become 
a very complex affair. Since, in part, the development of the in- 
dividual parallels that of the group of which he is a member, 
should there not then be a parallel development in his ability 
to understand and perform the abstactions that constitute the 
present stage of that society? In other words, if it has taken the 
race such a long time to acquire the concepts of fractions, deci- 
mals, and algebraic formulae, should there not be attention paid 
to a corresponding development in ability to use mathematical 
concepts by the individual? 

There are certain skills which we need as we develop our in- 
dividual progress in our own particular form of civilized society, 
but certainly we do not need to know or acquire all these skills 
at one time. It is obvious that the first thing we must do is to 
acquaint ourselves with spatial relationships. In other words, 
we must find out for ourselves the physical relationship which we 
bear to the rest of the world and the shapes and distances of the 
objects of our environment. In the next step we come into con- 
tact with concrete number relationships, many of them discrete 
in character. We are able to count and identify number proper- 
ties of objects around us. The next step finds us combining space 
and number in their simpler forms of physical property, that is, 
size and shape, and time and distance. Up to this point mathe- 
matics for a consumer has been a continuous interlocking affair. 
It hasn’t been a matter of geometry on Monday and Wednes- 
day, arithmetic on Tuesday and Thursday, and advanced math- 
ematics on the other days of the week. 

But, as civilized society found a need more and more for the 
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invention and application of mathematics over and above that 
used by the ordinary individual, there arose the specialist, for 
whom mathematics became a compartmentalized affair. This 
stage, we must remember, was an orderly one in the develop- 
ment of a field of knowledge which had grown sufficiently to be 
recognized as having enough material to beget its own field of 
knowledge. It has always been to the interest of the specialist 
that further compartmentalization be extended and even per- 
petuated in our schools, because it spreads his particular field of 
knowledge among an ever-widening clientele, as well as serv- 
ing to expand his ego. In order to advance his cause even further 
the specialist has invoked the malign influence of the doctrine 
of mental discipline to abet his cause and thereby set the stage 
for requiring all boys and girls to follow in his steps. 

There is, however, a rising discontent with these stage proper- 
ties of mathematics. Among many reasons for this discontent 
probably the outstanding one is a growing social realization that 
the need for any kind of mathematics is predicated on the in- 
terests of the group as well as on those of the individual. The 
group comes first with respect to what we call consumer educa- 
tion, a preparation for the duties of citizenship which lasts at 
least through the period of compulsory education. The bases for 
determining the content of consumer education are: 


1. Frequency—the number of occasions in which the informa- 
tion functions; 

2. Cruciality—the vital importance which the information 

has in the lives of individuals; 

Generality—the number of individuals whom the informa- 

tion affects; and 

4. Difficulty—the ability of the group to comprehend and use 
the information. 


w 


When the period of consumer education is past, the necessity 
for studying mathematics becomes an affair of the increased 
needs of the various social levels as well as an affair of the indi- 
vidual needs that lead on into specialization. 

For almost two centuries mathematics has been in an en- 
trenched position in both the elementary and secondary schools 
of our country, and only lately has it had to justify itself in the 
eyes of those taking it or proposing to take it. But today these 
entrenchments are being attacked and overcome on the sec- 
ondary level through a reduction in the amount required and 
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the introduction of them as electives, and in the fact that there 
are several institutions which do not now require them for col- 
lege entrance.! The latest enrollment figures from the Office of 
Education’ give further evidence in support of the present situ- 
ation. Whereas in 1928, 27 per cent of the students were taking 
algebra, 8 per cent advanced algebra, and 18 per cent plane 
geometry, in 1934, the corresponding enrollments were 19 per 
cent, 6 per cent, and 13 per cent. Similar data for today would 
undoubtedly show a continuing decrease. 

Naturally, there have been attempts to palliate the situation. 
In 1923 the National Committee on Mathematical Require- 
ments gave attention to the junior high school level and the idea 
of general mathematics. Since 1926 The National Council of 
Teachers of Mathematics has issued yearbooks which have 
dealt with various phases of the mathematics situation. In 1930 
The National Society for the Study of Education issued its year- 
book on arithmetic. The Joint Commission of the Mathematical 
Association of America, Inc. and The National Council of 
Teachers of Mathematics issued, in 1938, the preliminary form 
of its study, ““The Place of Mathematics in Secondary Educa- 
tion.’ 

The 1923 recommendations tried to observe the principle, 
“eat your cake and keep it.”’ The first thing to do was to choke 
as much mathematics as possible down the minds of elementary 
and junior high school youngsters. The next thing to do was to 
emasculate the advanced mathematics of the senior high school 
so as to fit all rather than to preserve it for a place of its own. 
These recommendations were aided by the advocates of social 
utility mathematics in making the elementary school a foul Ge- 
henna for its inmates. Probably no subject has made the ele- 
mentary school as unbearable an experience as has arithmetic, 
and, on the other hand, there is probably no subject whose con- 
tent has been so dominated by adult opinion. In their zeal to 
cram all the mathematics possible within the compulsory age 
limit these adult social utility advocates have done violence to 
every known principle of selection, allocation, and placement of 
subject matter. Pupil activities and experiences have had little, 
if any, place in the processes of selection. For example, the 


1 Douglass, Harl R., ‘“Let’s Face the Facts,’’ Mathematics Teacher, February, 1937, pp. 56-62. 

2 “Registrations in Mathematics,” Text by Carl A. Jessen, School Life, March, 1937, p. 211. 

“The Place of Mathematics in Secondary Education,” A Preliminary Report, Edwards Brothers, 
Inc., Ann Arbor, Michigan, 1938. 
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study of taxes, stocks and bonds, various forms of discount, and 
investments is a far-fetched affair for elementary and even jun- 
ior high school pupils. This statement does not negate the value 
of such information. We need to learn something about the 
mathematics of these activities, probably toward the end of the 
senior high school period, but anyone who would teach it below 
the ninth grade surely has forgotten his own childhood. We have 
spent so much time in trying to teach comprehension of these 
matters that the mathematics involved has become a sideline to 
such an extent that youngsters come into the senior high school 
mathematics courses unable to perform the ordinary mathe- 
matical operations. Their minds have been so cluttered up with 
the agonies of trying to find some sense to the problem that the 
mathematics of the problem has been almost disregarded. Even 
the latest and most up to date report, that of 1938, has con- 
tinued in the same grievous ways of error, where, on page 114, 
the topic, ‘“‘Using Arithmetic in Problem Situations,” includes 
such mathematical performances as discount, commission, bank- 
ing, investment, taxation and insurance. 

Now I believe that the study of mathematics is of value to all 
the members of our society, but, I wish to emphasize, in varying 
degrees. This belief has been intensified after reading Eric Tem- 
ple Bell’s The Search for Truth and Launcelot Hogben’s Mathe- 
matics for the Million. 

How, then, might it be possible to restore the study of math- 
ematics to its rightful place in the schools? 

1. In the elementary school incorporate the plan supported 
by L. P. Benezet* and ably seconded by Guy M. Wilson,® who 
says, ‘If you continue to teach arithmetic as now commonly 
taught, you might just as well throw it out entirely.”’ Instead of 
the present type of formalized arithmetic in the first six grades 
we shall substitute an acquaintanceship and familiarity with 
mathematical experiences that are concomitant with the various 
grade-age levels of the youngsters. Formal work on the fun- 
damentals will begin with the sixth grade. Fractions and deci- 
mals enter the picture in the seventh or even as late as the eighth 
grade. But, most important of all, the problems to be solved are 
not book problems, but those that deal with the everyday ex- 
periences of the pupils. 


* Benezet, L. P., “The Story of an Experiment,” Journal! of the National Education Association, No- 
vember, 1935; December, 1935; and January, 1936. 
§ Wilson, Guy M., “Useful Drill,” Journal of the National Education Association, March, 1936, p. 84. 
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If such a program is adopted, think of the hours that will be 
salvaged for more time to be spent on reading. Think, also, of 
the life of dread that will be removed from the arithmetic- 
haunted boys and girls, because their learning activities will be 
keeping pace with their powers of understanding. 

2. In the junior high school area emphasize the drill and mas- 
tery of fundamental operations and introduce problems of ado- 
lescent characteristics. The applications of arithmetic to other 
fields will be taught in those fields—not in the mathematics 
classes. For example, the mathematics of taxes will be taught in 
the social studies classes, and the mathematics of formulae will 
be handled in science or shop. Such other mathematics as may 
be introduced will be for the purposes of mathematical need and 
use on this level comparable to those of the fundamental opera- 
tions, that is, if any algebra, geometry and trigonometry enter 
in they will be there because they are to be considered funda- 
mental operations on the junior high school level. 

3. For most pupils formal mathematics will end with the jun- 
ior high school period. For those who want and enjoy advanced 
mathematics there will be, beginning with the tenth year, the 
compartmentalized mathematics of a rigorous type, yet tem- 
pered by correlations of mathematical fields, as suggested on 
page 129 of the 1938 report. Some mathematics will even have 
to be postponed and taught as a part of adult education, where 
and when the felt need for it has arisen. 

Enrollments in advanced mathematics classes will be smaller, 
but a much more worthwhile job can be done. Those who ac- 
quire their fundamental operations by the end of the junior high 
school period and then apply them in all their other courses will 
see a real meaning to the place of mathematics in life, while 
those who go on with the advanced and elective courses will find 
something to challenge the best that is in them and to encourage 
them further to discover, with the aid of the teacher, the sig- 
nificance of mathematics as a mode of living in a complex so- 
ciety. 


HIGH SPEED PHOTOGRAPHY 


Indoor photographs at a speed of 1/30,000th of a second are possible 
with a new lighting unit commercially available. This speed will stop 
practically any moving object except a rifle bullet, so motion of the subject 
is completely eliminated as a problem to the photographer. Entirely 
natural and unposed expressions can be recorded, even with a nervous 
child, or an active animal. 


EASY ATOMIC DRAWINGS 


PuHILip B. SHARPE 
Greenwich High School, Greenwich, New York 


Conventional chemistry stencils make no provision for the 
rapid and easy drawing of fairly good and uniform models of 
atoms such as are used to illustrate atomic and electron theory. 
My pupils, at least, have many opportunities to draw atoms for 
tests and homework, and the problem of supplying them all 
with compasses or other devices which may be use for the pur- 
pose has been solved in several ways, some of which may prove 
useful to other teachers. 

There seem to be two common ways of representing atoms on 
paper. The device of concentric circles which is perhaps the most 
popular one is easily implemented by laying coins of various size 


5. 6. 7. 


on the paper and tracing around them. I imagine that this trick 
is familiar to almost everyone. 

But a collection of brass, iron, or fiber washers is better. They 
exist in a wide range of sizes: each washer gives two circles in- 
stead of only one: they are cheaper and less liable to move than 
the coins. 

A still better trick, I think, is the drawing of octagons. They 
point the placing and number of electrons in accordance with the 
Octet Theory, although they do it in a two dimensional figure. 
They can be made by tracing once around an eight sided nut or 
twice around a four sided nut as indicated in figure 9. Eight sided 
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nuts are hard to obtain, although washers, four sided nuts, and 
six sided nuts are stocked in many sizes by almost all hardware 
stores. Nuts 2?” to ?” outside diameter are convenient in size. The 
hole in the nut can be used to trace the nucleus or hydrogen 
atoms or helium atoms, or all three. 

The other common way of representing atoms, as cubes, is 
the one I prefer as it portrays the Octet Theory in three dimen- 
sions. To draw uniform cubes on anything but cross-section pa- 
per is a laborious and time-consuming task. But finally it oc- 
curred to me that a common hexagonal nut is just the thing 
needed. It is laid on the paper and traced around, giving figure 
1. Then it is moved slightly and two sides are traced around, 
giving figure 2. One more line is needed, which can be made with 
any side of the nut, or with a free-hand stroke of the pencil, and 
the drawing is completed, figure 3. 

It takes far less time to do than to describe. Then the elec- 
trons can be sketched in free-hand, as shown in figure 4. The 
one corner which does not show is always assumed to have or 
lack its electron like the one opposite to it on an imaginary line 
drawn through the center of the cube, and the electrons are 
sketched on with this convention in mind. (The one that is hid- 
den is like the one that hides it.) 

It is not possible to show concentric cubes and so show inner 
shells by this method, but I do not find it necessary to do so in 
actual experience. However, if anyone thinks it is desirable to do 
so, here is another trick. Use a square nut instead, producing 
first figure 5, then 6, then 7. 

As a refinement on this trick, it is well to make three of the 
lines dotted as in Figure 8. It keeps the students from going 
crazy (like Paul Bunyan’s loggers) from trying to figure out 
which is the near and which is the far side of the cube. 


BLOOD PRESSURE LINKED WITH BODY BUILD 


Broad-chested persons have a hereditary predisposition to high blood 
pressure and narrow-chested persons are born with a predisposition to low 
blood pressure, according to figures collected by Dr. S. C. Robinson and 
Marshall Brucer and reported in summary by the Journal of the American 
Medical Association. 

“The difference in susceptibility of hypertension (high blood pressure) in 
persons of contrasting body build extremes was unusual,’’ comments the 
editor of the A.M.A. Journal. 

Only 4% of the narrow-chested men had systolic pressures over 140 
mm., whereas 22% of the broad-chested men belonged definitely in the 
high blood pressure class. 


A SIMPLE HIGH DISPERSION SPECTROMETER 


Roy D. BLAck 
Wabash High School, Wabash, Indiana 


The new Wood Replica Diffraction Gratings* which are 
mounted in Bakelite rings which may be held in the standard 
optical lens supports, make possible the construction of effi- 
cient, simple spectroscopes or spectrometers. This type of instru- 
ment is adaptable to both physics and chemistry classes. It is 
suitable for the detection of metals in Bunsen flames and teaches 
in a simple and effective way the principles of the larger instru- 
ments. It may be constructed in less than an hour by any teach- 
er or pupil. 


G L-2 £-3 
if 


Fic. 1. Arrangement of gratings and simple lenses to form a spectro- 
scope. L-1 collimating lens, L-2 and L-3 telescope lenses, G grating, S 
cardboard slit, M marker or recticle. 


The materials needed are a wooden base similar to the usual 
force board used in the study of the composition of forces, a 
meter stick cut in half and the usual lens and screen holders of 
the elementary optical bench and three lenses such as are found 
in the usual physics laboratory. Achromatic lenses are not at all 
necessary. When simple double convex lenses are used it is only 
necessary to change the focus of the eyepiece slightly when view- 
ing various parts of the spectrum. The diagram illustrates its 
construction. 

The collimator lens, L-1, should have a focal length of about 
20 to 30 centimeters and is placed slightly less than its focal 


* The Wood diffraction grating replicas may be purchased from W. M. Welch Mfg. Co., Chicago, 
T'linois. 
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length away from the cardboard slit which is held in the regular 
screen holder. The diffraction grating replica which may be one 
of the $2.00 elementary type, is placed in a standard lens sup- 
port as shown. If one of the 1 inch aperture circular replicas 
grade A or B is used the resolution is then improved and com- 
pares favorably with that of prism instruments selling for 
around $100. If a more expensive replica is used, longer focus 
and better lenses should be employed to secure the full resolu- 
tion of the grating. A standard microscope eyepiece instead of a 
simple lens can also be used to advantage. Either the 4813 or 


Fic. 2. Plan showing graduated circle and linear scale. 


Fic. 3. Details of notched meter stick. Held to base board 
with loose fitting 832 machine bolt. 


14,438 line replicas can be used. The coarse ruling gives a more 
brilliant spectrum but it is shorter. This shortness of the spec- 
trum can be compensated for by using a 5X or 10X eyepiece. 
The telescope lens L-2 should have approximately the same 
focal length as the collimating lens and its distance from the 
grating replica is not important. The eyepiece lens L-3 may be a 
simple lens and its focal length should be about five centimeters 
or less for best results. The pointer is the ordinary marker which 
slips on the standard meter stick. It is placed approximately at 
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the principal focus of the eyepiece. The meter stick must be 
notched as shown, since it must rotate about a point directly 
underneath the replica grating. Details of this notch are shown 
in figure 3. This section of the meter stick swings about a bolt 
as a pivot. 

A simple protactor can be placed under the meter stick or a 
circle may be laid out and marked in degrees as indicated in fig- 
ure 2. The cardboard shield is optional but its use will prevent 
stray light from entering the grating. The slit, S, is made by 
cutting a slit 30 mm. X 1 mm. in a piece of cardboard about 15 
cm. square. The lighting in the room in which the instrument is 
used should be as subdued as possible. 

Light sources which may be examined are neon, argon, and 
mercury vapor lamps, and of course such materials as may be 
vaporized in flames, such as Li, Ca, Sr, Ba, Th, B, Na, etc. Ab- 
sorption spectra of solutions may also be seen by placing a test 
tube containing the colored solution in front of the slit and pass- 
ing the light from a 60 watt lamp through the solution and into 
the slit. 

It is a simple matter to calibrate the instrument to read wave 
lengths and this is an interesting exercise for the physics stu- 
dent. The method is to find certain known wave lengths and 
indicate these on the graduated circle or use a circle marked in 
degrees and plot a calibration graph; plotting wave lengths 
against degrees. A linear metric scale may be put on as shown if 
desired. Standard wave lengths are as follows: 


Wave Length- 


Metal Color Millimicrons 
Lithium Red 670 
Sodium Yellow 589 
Potassium Red 768 

Violet 404 
Strontium Sharp blue line 460 
Thallium Green 534 


If the lenses are fair quality, and focal length is about as in- 
dicated, the instrument will show a distinct double line for Na. 
even in the first order. By swinging the telescope arm through a 
larger arc the longer and less brilliant spectra of the second order 
may be observed. If a Wood replica grating is used it will be 
found that the first order spectrum on one side is much more 
brilliant than on the other and this spectrum should be used. 

For vaporizing substances in the flame asbestos paper may 
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be soaked in a solution of the salt and wrapped around the 
Bunsen burner. Another method is to use a pyrex test tube filled 
with cold water and the test tube dipped into a solution of the 
salt and the bottom of the test tube then held in the Bunsen 
flame. The salt solution which adheres to the outside of the test 
tube colors the flame and the cold water prevents the glass from 
getting hot enough to color the flame. This method will be found 
more satisfactory than the usual platinum wire, as it may be 
more quickly and readily cleaned. 

If sunlight is directed onto the slit a great number of Fraun- 
hofer lines of the solar spectrum can be seen. If the slit is made 
sufficiently narrow the ‘‘D” line will be seen as a distinct doub- 
let. 

If it is impractical to darken the room a hood can be made by 
bending a sheet of black cardboard over the instrument so as to 
form an arch and holding it to the base with thumb tacks. 

After the meter sticks are notched and the holes drilled in the 
center of the base board for the bolt about which the telescope 
arm swings it is possible to assemble the instrument in 5 or 10 
minutes. 

It is thus possible to provide duplicate sets so that the entire 
class may work on the experiment at one time. 


VENUS MAY BE NEXT PLANET SUPPORTING LIFE 

Venus may be the next planet to support life, when this troubled earth 
is dying of old age. And the red planet Mars may already have had its 
fling as a world inhabited by life of high order. 

These striking possibilities are deduced from latest physical evidence 
reported by Dr. H. Spencer Jones, Astronomer Royal of Great Britain 
in the annual report of the Smithsonian Institution, just issued. 

Spectroscopic studies in the past few years have revealed no trace of 
water vapor in the rather heavy atmosphere of Venus; strange, consider- 
ing the clouds over the planet. Also, there is no discernible free oxygen in 
the atmosphere of Venus, but much more carbon dioxide than in the air 
of the earth. From these clues, Dr. Jones pictures Venus as a world some- 
what like the earth millions of years ago, when life started. 

“Any life on Venus can be, at the most primitive plant life,’”’ he con- 
cludes. 

Regarding life on Mars, Dr. Jones declares: 

“At present, there can be no life of a very high order unless organisms 
have been able to make adjustments to conditions of atmosphere and tem- 
perature which cannot be imagined on earth.” 

“In Mars’, he adds, ‘“‘we see a world where conditions probably resemble 
those that will probably prevail on earth many millions of years hence, 
when most of our present atmosphere will have been lost. Mars appears 
to be a planet of spent, or nearly spent life.” 


A NOTE ON SIMPLE INTEREST 


James K. Hitt 
University of Wichita, Wichita, Kansas 


Most texts on Mathematics of Finance define simple interest 
as ‘interest which is proportional to the time” or “interest 
which is calculated on the original principal during the whole 
period of the transaction.’’ Compound interest is generally de- 
fined as the difference between compound amount and origi- 
nal principal, where compound amount is defined as ‘‘the total 
amount accumulated at the end of some given time during which 
interest is added to principal at certain regular periods, and the 
interest for each succeeding period is calculated on the basis of 
the new principal thus obtained.”’ The fundamental assumption 
is also made in the texts that all money is productive, even 
money received as interest, and must therefore yield a return. 
The beginning student in Mathematics of Finance is apt to be- 
come confused, however, with regard to certain types of trans- 
actions in which the calculations may be made by use of simple 
interest formulas only, and yet the effect of the transaction on 
both parties involved is that of compound interest. 

Suppose A borrows P units of money from B. For the purpose 
of illustration, let us assume that money can be invested at a 
rate of 7 per period but at no other rate. The contract for repay- 
ment might be one of the following plans: 


I. At the end of m periods of time A repays P+ Pni to B. 
II. At the end of m periods of time A repays P(1+7)" to B. 
III. At the end of each of m periods of time A pays Pi to B 

and at the end of the mth period repays the P as well. 
IV. An equal payment of R is made by A to B at the end of 
each period for m periods. Each payment of R includes 
both interest on the unpaid principal and a portion of 
that principal so that at the end of m periods the entire 

original principal has been repaid with interest. 


Let us assume that the number of periods is integral and 
greater than one and propose in connection with each of plans 
I, II, III and IV, this question: Does B receive simple or com- 
pound interest for the use of his money? (Or, what is equivalent, 
does A pay simple or compound interest for the use of B’s 
money?) 
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It is clear even to the beginning student, that B receives sim- 
ple interest in plan I and in plan II he receives compound in- 
terest on his money. But the beginning student is apt to judge 
that in plan III simple interest is received, for the interest paid 
is computed on the original printipal throughout the entire peri- 
od of the transaction; that is, the method of computing is that of 
simple interest. However, according to our fundamental assump- 
tion the interest payments of Pz are productive, and the ques- 
tion of whether they are actually invested or not does not affect 
the theoretical aspects of the problem. Indeed, these payments 
form an annuity, the lump sum value of which on the date of 
repayment of the original principal is certainly not Pni, but is 
equal to 

i)"— 


1 


which, by definition, is compound interest on P. From the point 
of view of both A and B compound interest is involved in plan 
III, even though the person who does the calculating computes 
the interest on a constant principal using simple interest for- 
mulas. 

If it is considered possible to invest the interest payments at a 
rate r different from 7, the computation is complicated some- 
what but the theoretical aspects of the problem are the same, as 
long as we consider the interest payments to be productive. 

In plan IV the construction of an amortization table showing 
the gradual extinction of the debt is easily effected by means of 
simple interest computations, once the periodic payment has 
been determined. However, in order to determine this periodic 
payment the student considers the original principal P as the 
present value of an annuity whose periodic rent is R and obtains 
R from an annuity table. Since the annuity table is constructed 
according to the concept of compound interest, confusion is 
apt to arise as to whether the transaction has the effect of sim- 
ple or compound interest on the parties involved. 

In order to make it easier for the beginner to judge whether 
in any transaction, the effect on the parties concerned is that of 
simple or compound interest, the following explanation might 
well be attached to a discussion of simple and compound in- 
terest. 

The effect of simple interest is obtained in a transaction last- 
ing more than one period of time if the interest is computed on 
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the original principal alone, and if the interest is paid off only at 
the time the original principal is repaid. In case interest is paid 
off before the original principal is repaid, or if interest on any 
part of the principal is paid off before that part of the principal 
is repaid, the effect is that of compound interest. 


ANNUAL MEETING OF THE AMERICAN SCIENCE TEACHERS 
ASSOCIATION ASSOCIATED WITH AMERICAN ASSOCIA- 
TION FOR THE ADVANCEMENT OF SCIENCE 


The annual meeting will be held in Philadelphia, Pa., December 30, 1940 
during the convention of the American Association for the Advancement of 
Science, in the same city. 


The progrom is planned to include: 
Morning Meeting: President Harry A. Cunningham, presiding 
Address 
New Types of Glass and New Techniques Exhibits. 
Dr. Albert E. Marshall, President, Rumford Chemical Company 
Presentation of the Oersted Medal to an Outstanding Teacher of 
Physics, by the American Association of Physics Teachers. 
Television 
Demonstrations and Discussion. 
Mr. T. F. Joyce, Vice-President of R.C.A., and members of his staff. 


Luncheon Meeting: Dr. Otis W. Caldwell, presiding 


Address and Demonstrations. 
Taste and Smell. 
(Materials to illustrate will be passed out between courses) 
Dr. Albert F. Blakeslee, President of the American Association for the 
Advancement of Science, and Director of the Dept. of Genetics of 
the Carnegie Institute of Washington, Cold Spring Harbor, N. Y. 
Afternoon Meeting: Vice-President Ralph K. Watkins, presiding 
Symposium 
The Place of Science in General Education 
This will include such questions as: 
Should there be changes in content and approach? 
What efforts can be made to interest more students in science 
courses? 
Has national preparedness placed added responsibilities on science 
teachers? 
Speakers include: 
Dr. Watson Davis, Director of Science Service 
Dr. Oscar Riddle, Investigator, Carnegie Institute of Washington, 
Cold Spring Harbor, N. Y. 
Dr. K. Lark-Horovitz, Dept. of Physics, Purdue University 
All persons who are interested are invited to attend. If you would like 
to have one of the final printed programs mailed to you, please address the 


Secretary, 
DEBORAH M. RUSSELL 


State Teachers College 
Framingham, Mass. 
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INCONSISTENCIES IN NUMBER CLASSIFICATION 


CrciL B. READ 
University of Wichita, Wichita, Kansas 


A student in the writer’s class raised the question: “If the 
discriminant b?—4ac of a quadratic equation is negative, are the 
roots irrational?’ According to one rather widely used text the 
roots are irrational for the statement is, ‘“‘If a, b, and ¢ are ration- 
al and 6?—4ac is not a perfect square, the roots of the equation 
are irrational.” Another text qualifies the statement just made 
with the additional phrase, “If the roots are real.’ Analysis of 
32 books dealing with the topic shows a division of about two 
to one, the majority either stating or implying that the words 
“rational” and “irrational”’ apply only to real numbers. How- 
ever there is a substantial minority which classify, either di- 
rectly or by implication, a solution such as 3+ / —7 as irra- 
tional. 

Apparently the difficulty comes in the classification or defi- 
nition of the terms rational and irrational numbers. With a 
very few exceptions, a rational number is defined as one which 
can be expressed as the quotient of two integers. The rare ex- 
ceptions are usually definitions which can readily be shown to 
be equivalent to this. A considerable number of texts think it 
necessary to add a statement such as, “‘zero, also, is a rational 
number.” Others specifically exclude from the class of numbers 
which can be expressed as the quotient of two integers, any 
number which would involve division by zero. For the moment 
we will merely point out the fact that zero is or is not considered 
an integer, depending upon the text book in use. 

The definition of irrational number is by no means agreed 
upon; among others, the following definitions are encountered: 


a. Any number which cannot be expressed as a quotient of 
two integers 

b. Any real number which cannot be expressed as the quo- 
tient of two integers 

c. Any real number not rational 

d. A ratio which is incommensurable with one 

e. A number which can not be expressed exactly as the quo- 
tient of two integers 

f. Any number not rational but which may be represented 
approximately by means of rational numbers 
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g. Definitions based on a sequence or upon a Dedekind cut. 


A mere glance at the list makes it obvious that depending upon 
the definitions used, complex numbers may or may not be classi- 
fied as irrational. 

It was pointed out previously that there is no uniformity re- 
garding the classification of zero as an integer. Without detailed 
analysis of the number of books giving each definition, it may be 
stated that many texts are not clear as to whether zero should 
be included in the group of integers. For example one text uses 
a definition which specifically includes zero and another spe- 
cifically excludes zero, others are indefinite. 

As an example of another inconsistency, some books specify 
that a+07 is a pure imaginary when a=0 and b=0. Others spe- 
cifically point out that zero is a pure imaginary, at least one 
author calls attention to the fact that zero is the only number 
which is common to the real system and the system of pure 
imaginaries. 

Granted that some of these distinctions are technical and per- 
haps trivial, they still bring out the fact that even in mathe- 
matics which is supposed to be the exact science, we are not in 
agreement as to the definition of the terms employed. It would 
seem that we could agree on definitions for the elements of our 
number system, at least on definitions that are to be used in be- 
ginning texts. The facts are that writers of elementary texts 
fail to agree on the system of classification of numbers, neither 
do they call attention to this disagreement. 


CHEMISTRY AND THE FARM FOLK SCHOOL 


E. DUNBAR 
North Dakota Agricultural College, Fargo, North Dakota 


' The recently organized farm folk school at the North Dakota 
Agricultural College offers a unique educational opportunity for 
young men. The school offers not only courses in technical agri- 
culture but also courses which deal with the social, cultural, and 
economic relationships of rural life. North Dakota is essentially 
an agricultural state. Such manufacturing industries as are found 
in the state are primarily concerned with processing agricultural 
products. The farm folk school is dedicated to helping young 
men solve the problems of production and distribution, and to 
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the problem of living a wholesome life on the land. The only 
entrance requirement is an interest in agriculture. The farm folk 
school is a short course. Its enrollees vary in age, educational 
training, background and experience. The courses are taught on 
an adult level. 

The farm folk school course of study covers two winter periods 
of fifteen weeks each, divided equally into three terms of five 
weeks. A total of fifty-one subjects are offered of which thirty- 
six must be completed for final certification. Students select six 
subjects per term. The present program includes eight distinct 
courses in Agricultural Economics, eight in Agricultural Engi- 
neering, two in Agricultural Entomology, five in Agronomy, 
seven in Animal Husbandry, one in Animal Pathology, one in 
Bacteriology, two in Dairy Husbandry, one in English, three in 
History and Sociology, four in Home Economics, three in Horti- 
culture and Forestry, one in Plant Pathology, three in Poultry 
Husbandry, one in Physical Education, and one in Chemistry. 
An additional total of six group participation courses are offered 
in the evenings and include Club Organization and Parliamen- 
tary Practice, Public Speaking, Personal and Social Develop- 
ment and Family Relations, Community Music, Plays and 
Programs, and Public Discussions. 

The course in chemistry, specifically referred to as “Farm 
Chemistry,” includes a brief study of the chemistry of those 
elements which affect our daily life. How to read and understand 
the labels on a sack of commercial] livestock feed, a can of paint, 
a sack of commercial fertilizer, chemical tests on the value of 
insecticides and fungicides, using farm raw materials in chemical 
processes, the chemist in control of purity of food and fabrics, 
paints and varnishes, and water are considered in turn. The 
students enrolled in this course in Farm Chemistry are pre- 
dominately high-school graduates. They differ greatly, however, 
in the type and extent of their science training. Few, if any, of 
the group contemplate continuing their studies in college. The 
course is consequently taught as a service course with no thought 
of producing efficient chemists. The basic idea has been to make 
these young men, not active producers, but intelligent and ap- 
preciative consumers in a world of chemistry and science. 

The class meets daily, five times a week, for six weeks. A total 
of twenty-six major topics, each directly correlated to the stu- 
dent’s daily experience, are discussed. Periodic examinations 
are used to check the efficiency of lecture and reading assign- 
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ments. The following topics have been included in the course as 
offered during the past two years. 


1. The Inevitable Presence and Influence of Chemistry. 
2. The Foundations of Chemistry. 
3. Chemistry in the Home. 

4. Chemistry of the Automobile. 
5. The Chemical Composition and Nature of Water. 
6. The Chemical Analysis and Use of Water. 
7. Care and Chemical Treatment of Water. 
8. The Clothes We Wear. 

9. Synthetic Fabrics. 

10. Plant Growth and Food. 

11. Insecticides and Fungicides. 

12. The Chemical Nature of Foods. 
13. Food Fads, Poisons and Adulterants. 

14. Nutritional Requirements for Livestock. 

15. By-products from Farm Animals. 

16. Products from Wheat. 

17. Products from Flax. 

18. Products from Corn and Power Alcohol. 

19. Miscellaneous Farm By-products. 

20. Commercial Livestock Feeds. 

21. The Chemical Nature of Commercial Fertilizers. 
22. Results of Applied Fertilizers. 

23. Paints for Protection and Permanence. 

24. Varnishes for Variety. 

25. Lacquers and Synthetic Finishes. 

26. Paint Labels and Lies. 


PLASTER OF PARIS MOLDS IN ELEMENTARY 
SCIENCE 


CHARLES H. STONE 
Orlando, Florida 


1. Preparation of a plain mold. Procure at the ten-cent 
store an assortment of small jelly molds made of aluminum; 
these can be bought two for a nickel for the smaller ones and so 
on for the larger ones. Grease the inside of a small mold with a 
very thin layer of vaseline, not enough to be visible to the eye. 
Mix up in another dish some plaster of Paris to a thick cream, 
fluid enough, however, to pour well. Pour this into your greased 
mold and jar the dish on the desk to cause the thick substance 
to settle and drive out air bubbles. Let stand for some time; the 
time required will depend largely upon the quality of the plaster 
used and also upon the amount of water which must be evapo- 
rated before the process is complete and the plaster has “set” 
or become hard. Do not be in too much of a hurry to remove the 
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cast from the mold; haste in this respect often results in a broken 
or imperfect product. One may make paper weights this way 
for office use. 

2. Colored products. To the water to be used in mixing your 
plaster add a little of some strong solid dye; a very small amount 
will answer. Then proceed as in 1. Very pleasing products can 
be made this way. 

3. Marbled effect. Mix up your plaster with water as usual. 
Then, just before pouring, add a few specks of two or three 
different solid dye stuffs and stir well; pour at once. None of 
these added dyes will dissolve enough to color the whole mass 
so that you may get a marbled effect. 

4. Two color effect. Procure if possible a jelly mold with a 
design stamped in the bottom; the one we have used represents 
a flying bird. Grease the design. Prepare a small amount of 
your plaster, using color as desired, and carefully pour into the 
mold so as to fill the design only. With a slender glass rod you 
may move the mass here and there to fill out the outline of the 
figure. Let stand till thoroughly set. The design may now be 
carefully removed from the mold, its edges trimmed where 
necessary to give the perfect shape of the figure and then re- 
turned to the mold. Now prepare another mess of plaster, using 
a contrasting color or just plain white as desired and pour upon 
the already hardened design. Let stand till thoroughly set. Then 
carefully remove by inverting the dish and jarring it gently. 
The design should fall out showing the bird (or other figure) 
standing out in relief against a contrasting background of 
another color. 

5. Frosted chocolate cake with lemon filling. Using an ordinary 
round berry dish (about four inches in diameter sold at ten-cent 
store) make a thin layer of plaster colored with some brown dye. 
Let set. When thoroughly hard pour upon this layer a thin layer 
of plaster colored lemon yellow with some suitable dye and let 
set. Then pour upon this another chocolate-colored layer and 
let set. Finally pour on top as a final layer some of the pure white 
plaster and let set. When the whole is thoroughly hard, remove 
from the dish and with a fine saw cut into as many pieces as 
desired. “Refreshments” may now be served. 

6. Mounted picture. From the pages of some magazine cut 
out a small picture, preferably colored. Trim this to fit the size 
of dish in which the cast is to be made. Wet the picture well with 
water and place it, face down, in the bottom of the dish, center- 
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ing it properly, and pressing tight against the dish bottom. 
Prepare your plaster and pour onto the picture. Before the mass 
has set insert in the soft plaster, loops of wire so that when the 
plaster has set the loops may be used to hang the mount on the 
wall. Remove the cast after it has become quite hard. With a 
knive remove any of the plaster which may have crept under 
the edges of the picture. 
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PROBLEM DEPARTMENT 


ConpDuUCTED By G. H. JAMISON 
State Teachers College, Kirksville, Mo. 


This department aims to provide problems of varying degrees of difficulty 
which will interest anyone engaged in the study of mathematics. 

All readers are invited to propose problems and to solve problems here pro- 
posed. Drawings to illustrate the problems should be well done in India ink. 
Problems and solutions will be credited to their authors. Each solution, or 
proposed problem, sent to the Editor should have the author’s name intro- 
ducing the problem or solution as on the following pages. 

The editor of the department desires to serve its readers by making it 
interestimg and helpful to them. Address suggestions and problems to G. H. 
Jamison, State Teachers College, Kirksville, Missouri. 


SOLUTIONS AND PROBLEMS 


Note. Persons sending in solutions and submitting problems for 
solutions should observe the following instructions. 

1. Drawings in India ink should be on a separate page from the 
solution. 

2. Give the solution to the problem which you propose if you have 
one and also the source and any known references to it. 

3. In general when several solutions are correct, the ones submitted 
in the best form will be used. 


LATE SOLUTIONS 


1660. 7. C. Pan, National Chekiang University, China, Roy Wild, New 
Boston, Mo., C. W. Trigg, Los Angeles 


1661. Roy Wild, New Boston, Mo. 
1670. Proposed by Garrett Freeleigh, Watertown, N. Y. 


Show that the area of a triangle, whose sides are a, /, c, is 


+20? + 22 — at — 
Solution by Alton Dimmick, Ithaca, N. Y. 
From the relation sine? C +cos? C =1 and the law of cosines, 
Area AABC=}ab sin C 


Tat. 


Solutions were also offered by Cecil B. Read, Wichita, Kan., Clara 
Broadhurst, Fayette, N. Y., M. Kirk, West Chester, Pa., Robert E. Mc- 
Kay, Middleport, Ohio, Clayton Williams, Clarkstown, N. Y., George J. 
Ross, Brooklyn, N. Y., Aaron Buchman, Buffalo, N. Y. and by Morgan 
Harris, Watertown, N. Y. 


1671. Proposed by Hugo Brandt. 


For the curve y = 2+, find 
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a. The value for x =0, 
b. The minimum value for y, 
c. The inclination of tangent for x =1. 


Solution by George J. Ross, Brooklyn, N. Y. 


(a) y= xt =e 2” = et log z glog 2/(1/z)_, 
d log @ 
log dx 
limit ————-=limit (—x)=0. 
z—0 1 z—0 
x x 
dx 
limit 2/(/z) = 1, 
z—0 
dy 
(b) —=2x"(log x+1). 
dx 
for minimum: x*=0 or log x+1=0, 
An examination of the second derivative gives 
log x= —1 a minimum, 
1 
x= 


1 
(c) Substituting x=1 in az gives 1 


Inclination is 45°. 


Solutions were also offered by M. Kirk, West Chester, Pa., Arthur 
Danzl, Collegeville, Minn. and the proposer. 


1672. Proposed by Cecil B. Read, Wichita, Kan. 
If tan x =tan*y and tan 2y =2 tan z, prove that x+y —z=nz. 
Solution by the Proposer 
tanx+tany tan* y+tan y_ tan y(tan? y+1) 
1—tanxtany 1—tan‘ y (1—tan? y)(1+tan? y) 
tan y 
1—tan? y 


Editors Note: Apologies are in order. In the statement of the problem 
as originally given the term “tan* y” was the error replaced by the term 
“tan 3y.” 


1673. Proposed by William W. Johnson, Cleveland, Ohio. 


045) 


No solution was offered. 


tan (x+y)= 


=} tan 2y=tanz. Hence 


Solve for x: 


fag 
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1674. Proposed by Charles W. Trigg, Los Angeles. 
The area of a triangle is equal to the sum of the squares of its sides di- 
vided by four times the sum of the cotangents of its angles. 
Solution by Aaron Buchman, Buffalo, N.Y. 


If the altitude, 4, be drawn to a side of triangle ABC, say side c, then, 
keeping in mind that the cotangent of an acute angle is positive, and of an 
obtuse angle, negative, it is easily shown that for all cases, 


c=h(cot A+cot B). 
Solving for h 
cot A+cot B 
Therefore the area of triangle ABC is 
+ 
2(cot A+cot B* 


In general 
a? 


K= = 
2(cot A+cot B) 2(cotC+cot A) 2(cot B+cot C) 


Therefore 
~ 4(cot A+cot B+cot C) 


In a series of equal ratios, the sum of the antecedents is to the sum of 
the consequents as any antecedent is to its consequent.) 

Solutions were also offered by George J. Ross, Brooklyn, N. Y., Kenneth 
P. Carlson, Funk, Neb., John Hoyt, Cornwall, N. Y., Roy Wild, New 
Boston,, Mo., M. Kirk, West Chester, Pa., Clara Broadhurst, Fayette, 
N. Y., Everett N. Crandall, Alfred, N. Y., Arthur Danzl, Collegeville, 
Minn., Walter R. Warne, Rochester, N. Y., B. Felix John, Pittsburgh, Pa. 
and also by the proposer. 


1675. Proposed by S. V. Soanes, Upper Canada College, Toronto. 


Solve the system 


(1) xtytstw= 10 
(2) 30 
(3) 100 
(4) xyzw= 24 


Solution by E. B. Escott, Oak Park, Ill. 


The set of equations is equivalent to the set of symmetric functions 


~x=10 
rxy=a 
Lxyz=b 

xyzw = 24 


squaring (1) and subtracting (2) and dividing by 2, 
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(5) 
multiply (1) by (2) 
Ya*y= 200 
Ux 

Lxyz=50 
Then since the coefficients of the equation of the 4th degree, roots x, y, 2, 
w are —Uxyz, xyzw we have the equation 

x4— 102° +352? —50x+24=0 

whose roots are 1, 2, 3, 4. 

The solution is x=1; y=2; z=3; w=4 with any permutation of these 
roots (24 permutations) as a solution. 

Solutions were also offered by Kenneth P. Carlson, Funk, Neb. John 
Hoyt, Cornwall, N. Y., George J. Ross, Brooklyn, N. Y., B. Felix John, 
Pittsburgh, Pa., M. Kirk, West Chester, Pa., Walter R. Warne, Rochester, 
N. Y., and also by the proposer. 


STUDENT HONOR ROLL 
The editor will be very happy to make special mention of high school 
classes, clubs, or individual students who offer solutions to problems sub- 
mitted to this department. Teachers are urged to report to the Editor 
such solutions. 


1665. Morris Greenfield, Los Angeles, Calif. 


1666. King Allen, Morris Greenfield, Jack Hiehle, Max Himel, James Ito, 
Donald Mackenzie, Jack Mott, Carlton Moultrop, Alton Parker, Albert 
Paul, Yuzuru Sato, all of Los Angeles City College. 


1668. Morris Greenfield, Alfred Faries, Max Himel all of Los Angeles City 
College. 
Error: In submitting problem 1678, October issue, a + sign should join 
the two fractions rather than the — sign as given. EpITor. 


PROBLEMS FOR SOLUTION 


1687. Proposed by D. L. MacKay, New York 

Determine an angle such that the sum of its six trigonometric functions 
equals a given quantity k. 
1688. Proposed by C. W. Trigg, Los Angeles 

From a point C on the circles with diameter BA, a perpendicular CD is 


drawn to BA. Find angle B such that BD =K.CA and show that such an 
angle exists for all positive values of K. For what values of K will sin B 


be rational? 
1689. Proposed by F. E. Nemmer, University of Iowa 
Solve for x: \/6x+28 — V/6x—28=2. 


1690. Proposed by D. L. MacKay, New York. 
Without using approximation methods solve 


4 
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=2x+3. 

1691. Proposed by D. L. MacKay, New York 

Solve for x: tan (cot x) =cot (tan x) 
Solve for x: Tan (cot «)=cot (tan x). 
1692. Proposed by Walter R. Warne, Rochester, N. Y. 

If E is the mid point of AB of triangle ABC and if AL is perpendicular 
to BC cutting CE in F, show that 
ab sin C 


AF=—————__ 
a+b cos C 


SCIENCE QUESTIONS 
December, 1940 
Conducted by Franklin T. Jones 


IMPORTANT QUESTIONS 


What do you want in this Department? 
(Tell the Editor and he will do his best.) 
Should questions be aimed— 
For Class Use? For the Pupils? 
For the Teacher? For the General Reader? 
Send in your “Do you Know the Answer” Questions. 


Questions for discussion, examination papers, disputed points may be sub- 
mitted to this department. They will be published together with discussion. 

Please let us know what you are working on. It will be helpful to pass the 
information along. 


Send all communications to my home address—Franklin T. Jones, 10109 
Wilbur Ave., S.E., Cleveland, Ohio. 


SOME QUESTIONS ABOUT WAR CHEMISTRY 


111. What chemical very important in the manufacture of explosives, 
formerly made abroad, is now made in America? 
(Sc. News Letter, Nov. 2, 1940) 
112. How can loss of iodine from iodized table salt be slowed up or pre- 
vented? 
113. What harmless use has been found for tear gas (chloro-picrin)? 
114. What medicine will postpone surgical shock in wounded soldiers? 
115. What vitamin is the morale vitamin? 


Readers are invited to propose questions, or lists of five questions, preferably 
with brief answers for publication under headings similar to the above. 


Answers to Questions in the October Issue 


101. The first of the long list of plastics now known was celluloid. Its 
discoverer was John Wesley Hyatt, inventor of the Hyatt antifric- 
tion roller bearing. 


102. 


103. 


104. 


105. 


903. 
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The lightest strong metal is Dowmetal. 


Xanthates are dithiocarbonates and are the product of the reaction 
in monomolecular proportions of an alkali metal hydroxide, in prac- 
tice either KOH or NaOH, carbon bisulfid and an alcohol, in practice 
almost invariably an aliphatic alcohol. The wet reaction product is 
yellow to orange in color (whence the name xanthate). When dried 
the material appears as yellow powder. Xanthates are readily and 
completely soluble in water and form insoluble xanthates with a wide 
range of soluble metallic salts of molybdenum, mercury, silver, lead, 
copper, zinc, iron, etc. Every sulfid mineral appears to possess what 
might be described as inherent flotation speed or rate of flotation, 
and the sulfids of the elements just enumerated float with increasing 
slowness, much as in the order given. The precise function of xan- 
thates in flotation circuits is to enhance the apparently natural 
flotation of sulfid minerals containing the ore. A non-wettable 
xanthate film of no more than one molecule in thickness spreads 
over the surface of certain mineral particles which renders them 
readily flotable. Flotation is employed in the separation of sulfid 
ores. Today and for several years past well over 90% of the world’s 
tonnage of copper, lead and zinc has involved the flotation process. 


Magnetic mines are not attracted up from the bottom of the ocean 
as the ship passes over them to explode as a contact mine against 
the ship. The magnetic mine consists essentially of a heavy square 
anchor, a mooring cable on a reel, a buoyant spherical mine case con- 
taining 300 pounds of TNT, a copper wire reaching from a copper 
float near the surface to a relay firing arrangement in the mine. Con- 
tact by any iron ship with the copper wire would set up the current 
to operate the firing apparatus. This mine was invented by an 
American—Ralph Cowan Browne, a self-educated electrical engineer 
from Salem, Mass. 


Insects assist in carrying pollen from one flower to another and so 
help in plant reproduction. 


EXPERIMENTS ARE POPULAR 


LIFE (Oct. 14, 1940, Pages 87-90) quotes experiments from Dr. Ira 
M. Freeman’s “‘Invitation to Experiment.” 
Experiments shown demonstrate— 
Travel of sound through strings; 
Focussing of sound waves by umbrellas; 
An old can shows relation of pressure to depth in liquids; 
Refraction of light with piece of glass and soda straw; 
The balancing paradox with forks, a needle and a cork; 
Surface tension with soap and pepper; 
Queer things about air currents; 
Try to make a candle burn in a tumbler of water; 
Get some marbles and explain some laws of collision. 


What have you that is interesting in the way of experiments? 


FLYING SPEED OF A BEE 


905. How can you find out how fast a bee flies? 
What do you mean by “‘lining”’ a bee? 
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IS KETTERING RIGHT? 


905. The opening paragraph by Charles F. Kettering in “Previews of Prog- 
ress in the Coming Century” is:— 

“The ultimate aim of all industry, science, government and sociology is 
for a better life—better living conditions; better health; better food; better 
government; better houses; in fact, for better everything. And these can 
come about only in proportion as our daily routine and activities conform 
more nearly to nature’s laws, which we understand so poorly at the present 
time.” 

The question is: 
Are we measuring up to our opportunities in teaching Nature’s Laws? 
What do you think about it? 


Did you get your copy of “‘Previews of Progress’ by writing to Henry G. 
Weaver, Director, Customer Research Staff, General Motors, Detroit, Mich.? 


GENERAL INFORMATION TEST 


902. Test given by Charles R. Foster (GQRA No. 352), to boys of University 
School, Cleveland. 

(a) James Watt made the first practical application of steam to industry. 

(b) Germany is experimenting on making ‘‘butter-coal.”’ 

(c) Elias Howe invented the sewing-machine. Goodyear invented vul- 
canization of rubber. 

(d) Madame Curie specialized on radium. 

(e) Dr. Harvey Cushing belonged to the medical profession. 

(f) Insulin is used in the treatment of diabetes. 

(g) Bronze is made from copper and tin. 

(h) Differences between physics and chemistry—Physics, movements, etc. 
of matter: Chemistry, composition of matter. 

(i) A planetarium is a building used for study of the heavenly bodies. 

(j) Inventions associated with the names of—1. Cyrus McCormick, 
reaper; 2. Eli Whitney, cotton gin; 3. Marconi, wireless; 4. Morse, 
telegraph. 


ARE WE MISSING THE BOAT? 


906. Some questions about Science and Mathematics. 
Your comments and added questions are desired. 

We are living in a battling world and our very existence as a Nation is 
likely to depend shortly upon our ability to hit when we shoot if we can 
see the target (optics), and, if we can’t see it, figure out where to aim so 
that our projectile shall reach the unseen target (ballistics, air pressures, 
speeds, deviations, gravity, etc.). 

We must work metals (metallurgy), make explosives and fuels (chem- 
istry), build ships and submarines (ship-building industry), design, manu- 
facture, and fly aircraft of all kinds (air-craft industry), and so on. All of 
these activities call for trained man-power. 

Are we training our pupils in such fundamentals as will help them carry 
on the work of this troubled world? 

If so, why are we curtailing the study of mathematics and science? 

Are not the fundamentals of knowledge vital to our National existence now 
centered around physics, chemistry, biology, meteorology, algebra, geometry 
and trigonometry? 
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Right now that we need this knowledge most, are we not diverting our atien- 
tion away from the sciences and mathematics instead of intensifying their 
study? 

What are we as teachers and school planners going to do about it? 


SHALL WE MISS THE BOAT? 
GQRA—DECEMBER, 1940—NEW MEMBER 
353. Robert White, Champion Junior High School, Painesville, Ohio. 
JOIN THE GQRA (Guild of Question Raisers and Answerers). More 


than 350 are already members. Teachers, pupils, classes, and individuals 
may become members by submitting questions or answers. 


GQRA CONTRIBUTORS—YEAR BY YEAR 


1933—-October to December, Nos. 1 to 10; 
1934—-January to December, Nos. 11-47; 
1935—-January to December, Nos. 48 to 113; 
1936—January to December, Nos. 114 to 154; 
1937—-January to December, Nos. 155 to 201; 
1938—January to December Nos. 201 to 254; 
1939—-January to December, Nos. 255 to 313; 
1940—January to December, Nos. 314 to 353. 


BOOKS AND PAMPHLETS RECEIVED 


HANDBOOK OF CHEMISTRY AND Puysics. Twenty-fourth Edition. Editor, 
in Chief, Charles D. Hodgman, Associate Professor of Physics at Case 
School of Applied Science; Associate Editor, Harry N. Holmes, Professor 
of Chemistry at Oberlin College. Cloth. Pages xviii +2564. 11.518 cm. 
1940. The Chemical Rubber Company, 1900 W. 112th Street, Cleveland, 
Ohio. Price $3.50. 


Tuincs A Boy Can Do with ELEcTROCHEMISTRY, by Alfred Morgen. 
Cloth. Pages xiii+198. 1319.5 cm. 1940. D. Appleton-Century Com- 
pany, 35 W. 32nd Street, New York, N. Y. Price $2.00. 


MATHEMATICS FOR Everypay AFFatrs, by Virgil S. Mallory, Professor 
of Mathematics and Instructor in the College High School, State Teachers 
College, Montclair, New Jersey. Cloth. Pages vii+471. 13 X19 cm. 1940. 
7 H. Sanborn and Company, 221 E. 20th Street, Chicago, Ill. Price 

1.28. 


FOUNDATIONS OF MODERN Puysics, by Thomas B. Brown, Professor of 
Physics, The George Washington University. Cloth. Pages xii+333. 14.5 
23 cm. 1940. John Wiley and Sons, Inc., 440 Fourth Avenue, New York, 
N. Y. Price $3.25. 

CoLLEGE Puysics, by John A. Eldridge, Professor of Physics, Univer- 
sity of Iowa. Second Edition. Cloth. Pages xii+702. 13.5 21.5 cm. 1940. 
er Wiley and Sons, Inc., 440 Fourth Avenue, New York, N. Y. Price 

40. 


A Diacnostic Stupy oF StupENTs’ DIFFICULTIES IN GENERAL MATHE- 
MATICS IN First YEAR COLLEGE Work, by Elizabeth N. Boyd. Teachers 
College, Columbia University Contributions to Education, No. 798. Cloth. 
152 pages. 15 X23 cm. 1940. Bureau of Publications, Teachers College, Co- 
lumbia University, New York, N. Y. Price $1.85. 
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AN EXPERIMENT IN THE TEACHING OF GENETICS WITH SPECIAL REFER- 
ENCE TO THE OBJECTIVES OF GENERAL EpucaTION, by Austin Demell 
Bond. Teachers College, Columbia University Contributions to Education, 
No. 797. Cloth. Pages viii+99. 15 x23 cm. 1940. Bureau of Publications, 
Teachers College, Columbia University, New York, N. Y. Price $1.85. 

GENERAL MATHEMATICS, Books 1, 2, and 3, by William David Reeve, 
Professor of Mathematics, Teachers College, Columbia University. Paper. 158 
pages each. 19 X27 cm. 1940. The Odyssey Press, Inc., 386 Fourth Avenue 
New York, N. Y. Price 64 cents each. 


LEARNING THE Ways OF Democracy: A CasE Book or Civic Epuca- 
TION, prepared by The Educational Policies Commission, National Edu- 
cation Association of the United States and the American Association of 
School Administrators. Cloth. Pages vii+486. 14.523 cm. 1940. The 
Educational Policies Commission, 1201 Sixteenth Street, Northwest, 
Washington, D. C. Price $1.00. 


SUGGESTED COURSES OF STUDY AND TEACHER’S MANUAL IN SCIENCE 
FOR VERMONT SECONDARY SCHOOLS, GRADES 7-12. Issued by Authority of 
State Board of Education, Montpelier, Vermont. Paper. 128 pages. 15 x 23 
cm. 1940. 


Foops AND Nutrition. A Guide for Use with the Instructional Sound 
Film “Foods and Nutrition,” prepared by Melvin Brodshaug, Erpi Class- 
room Films, Inc., and W. Hugh Stickler, Advanced School of Education, 
Teachers College, Columbia University in collaboration with A. J. Carlson 
and H. G. Swann, The University of Chicago. Paper. Pages iv+32. 13.5 
x20 cm. 1940. The University of Chicago Press, 5750 Ellis Avenue, Chi- 
cago, Ill. Price 15 cents. 

ENDOCRINE GLANDS. A Guide for Use with the Instructional Sound 
Film “Endocrine Glands,” prepared by Melvin Brodshaug, Erpi Classroom 
Films, Inc., and W. Hugh Stickler, Advanced School of Education, Teachers 
College, Columbia University in collaboration with A. J. Carlson and H. G. 
Swann, The University of Chicago. Paper. Pages iv +32. 13.5 X20 cm. 1946. 
The University of Chicago Press. 5750 Ellis Avenue, Chicago, Ill. Price 
15 cents. 

PROPAGANDA ANALYsIS. An Annotated Bibliography by Edgar Dale 
and Norma Vernon. Series 1, Volume 1, Number 2, May 1940. Paper. 
Pages ii+29. 15 X23 cm. Bureau of Educational Research, The Ohio State 
University, Columbus, Ohio. 


STATISTICS OF PuBLIc HicH ScHoots 1937-38. Bulletin 1940, No. 2, 
Chapter V. Statistical tables prepared under direction of David T. Blose, 
Associate Specialist in Educational Statistics. Text prepared by Carl A. 
Jessen, Senior Specialist in Secondary Education. Pages vi+92. 1423.5 
cm. Superintendent of Documents, Washington, D. C. Price 15 cents. 


BOOK REVIEWS 


ELEMENTS OF Botany by Richard M. Holman, Late Associate Professor of 
Botany in the College of Letters and Science of the University of California 
and Wilfred W. Robbins, Professor of Botany in the College of Agricul- 
ture of the University of California. Cloth. Pages xi +392. 244 illustrations. 
John Wiley and Sons, Inc., New York. 1940. $2.75. 


This is a college text designed for a one semester course. It is a companion 
to A Textbook of General Botany for Colleges and Universities, written 
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by the same authors. The latter book is for use in a full one year course. 

This is the third edition of Elements of Botany. Since the last edition 
which came out about seven years ago researches in botany have been of 
such a nature that a new edition appeared to be justifiable. New aspects 
of the following items appear. Growth substances, hydroponics, root sys- 
tems in relation to soil erosion, methods used in altering the duration of 
the life cycle of plants, artificial pollination, self sterility in commercial 
fruit varieties, efficiency of certain plants in the production of carbo- 
hydrates, economic importance of plant diseases, principles of control of 
the classes of weeds, economic value of certain plants and of various plant 
products, such as cellulose, alkaloids, glucosides, oils, latex, starch and 
proteins, “hardening of plants,”’ short-day and long-day plants and meth- 
ods employed to induce chromosome changes. This last item is of special 
significance. 

A. G. ZANDER 


EverybDay Bro.ocy by Francis D. Curtis, Ph.D., Head of the Depariment 
of Science, University High School, and Professor of the Teaching of 
Science, University of Michigan. Otis W. Caldwell, Ph.D. L1.D., Pro- 
fessor Emeritus, Teachers College, Columbia University, and General 
Secretary of the American Society for the Advancement of Science. Nina 
Henry Sherman, A.M., Teacher of Biology, University High School, Ann 
Arbor, Mich. Cloth. 17 X23.5 cm. 503 illustrations, pages ii +698. Glos- 
sary, index. Ginn and Company, New York. 1940. $1.92. 


This is the latest book on High School Biology by these prominent 
authors of this subject. It has been developed from an earlier book called 
Biology of Today which had quite a wide acceptance. It is quite a large 
book as these books go but the authors have marked those parts which to 
them based on research, seem to be most important. This allows for 
flexibility because schools do not all devote the same amount of time to 
their biology courses. The text material is divided into these 8 units: 1— 
Some Major Problems Which Living Things Must Solve. 2—Plants and 
The World’s Supply of Food. 3—The Kinds of Living Things. 4—Con- 
servation of Living Things. 5—Structures and Processes Concerned With 
Nutrition. 6—The Responses of Living Things. 7—The Control of Disease 
and the Improvement of Health. 8—The Continuance and Improvement 
of Living Things. Each unit closes with a short self-test on unit content, 
biologic terms, biologic principles. There are frequent exercises on scien- 
tific method and scientific attitude the results of which can be checked 
against a list of statements on these things at the end of the text. Good 
reference reading lists are appended to each unit. 

A. G. ZANDER 


THE Marcu oF MepicineE. Edited by the Committee on Lectures to the 
Laity of the New York Academy of Medicine. Cloth. 14x20 cm. No 
illustrations. Pages vii+168. Index. Columbia University Press. New 
York. 1940. $2.00. 


This book contains a series of lectures (6) which had been given by the 
New York Academy for the general public. These lectures acquaint the 
public with the high lights of medical progress from the times of Eliza- 
bethan England down to the present day. It is a very interesting volume 
authoritatively written. It would seem that this book would be of value 
to those whose interest in medicine is of a marginal nature, such as in- 
structors, physical educators, nurses, health instructors and teachers of 
biology. The latter group would, it seem, be especially interested because 
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these people must constantly answer questions on quackery, superstition 
and miraculous cures. 
A. G. ZANDER 


BIOLOGY IN THE MAKING by Emily Eveleth Snyder, Science Department, 
Junior Senior High School, Little Falls, New York. Cloth. 1521 cm. 104 
illustrations mostly pictures of prominent scientists in the biological 
field. Pages xii+539. McGraw-Hill Book Co., Inc. New York. 1940. 
$2.80. 


This book presents short narrative accounts of the histories of the de- 
velopment of various biological principles. About one-third of the book is 
devoted to a discussion of classification, heredity and the cell theory. As 
the title suggests the content is largely historical. The narrative being 
built around the men who were and are the pioneer thinkers and workers 
in these various biological fields. The author begins with the great Greek 
physician Hippocrates and takes the reader to the decade just ended dur- 
ing which the first filtrable virus was isolated. Following each chapter is a 
short reading list. An interesting item in the book is a chronological list of 
the 125 scientists mentioned in the book, the years during which they 
lived, place of birth, and major contributions. A glossary and index are 
appended. This should be a valuable reference for biology teachers. 

A. G. ZANDER 


GENERAL Puysics FOR STUDENTS OF SCIENCE. by Robert Bruce Lindsay, 
Hazard Professor of Physics in Brown University. Cloth. Pages xiv +534. 
1423 cm. 1940. John Wiley & Sons, Inc., 440 Fourth Avenue, New 
York, N. Y. Price $3.75. 

The outstanding characteristic of this book is indicated by the author’s 
criticism of other general physics texts. He thinks them unsatisfactory 
largely because of “their avoidance of the mathematical methods natural 
and necessary for the development of the subject.” With this point of view 
he assumes that physics students have a working knowledge of mathe- 
matics through calculus, and he makes complete use of the calculus in 
definitions and analysis. By this plan description and discussion can be 
greatly simplified and shortened. Subject matter requiring 700 to 800 pages 
in the non-mathematical type of book is here presented in 534 pages. Here 
than is a text admirably adapted to classes where two years of college 
mathematics are prerequisite to registration in physics. Such students will 
enjoy this book and make rapid progress; they come to physics eager to 
apply the principles of mathematics and are disappointed if the mathe- 
matical analysis is omitted. But for the many general physics students 
who have a very limited mathematical foundation the book will be of 
little value and will discourage them from further attempts to learn phys- 
ics. In schools where it is not possible to group the students on the basis 
of preparation this book should be in the library for reference. ~— 

G. W. W. 


A Text or Heart, by H. S. Allen, Professor of Natural Philosophy in the 
University of St. Andrews, and R. S. Maxwell. Part II. Cloth. Pages 
ix+318+xi. 13.522 cm. 1939. The Macmillan Company, 60 Fifth 
Avenue, New York, N. Y. Price $3.50. 


This is the second volume of a two-book course in heat prepared for 
physics majors. Volume I, reviewed in March, 1940, is descriptive and 
based on experimental evidence, with a minimum of analysis. Part II is 
much more advanced, makes extensive use of mathematical analysis, and 
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emphasizes the theoretical aspects of heat. About half the book is devoted 
to a thorough treatment of the laws of thermodynamics. This starts with 
the descriptive and historical method used in Part I but soon changes to 
the analysis necessary for a satisfactory treatment of the second law, the 
properties of gases, and entropy. The mathematical theory of conduction 
is a continuation of the experimental treatment of this topic in Book I; 
this is also true of the short chapter on convection. Radiation is here 
treated in greater detail and includes the quantum theory of radiation. 
Statistical methods and probability are given special attention. 


W. W. 


BIOLOGY OF THE VERTEBRATES, by Herbert Eugene Walter, Emeritus Pro- 
fessor of Biology, Brown University. Revised Edition. Cloth. Pages xxv 
+882. 1421.5 cm. 1939. The Macmillan Company, 60 Fifth Avenue, 
New York, N. Y. Price $4.00. 


This biology text is remarkable for the many pertinent bits of related 
scientific information and interesting references to scientists that are in- 
cluded in the general material. The style is clear and simple; technical 
terms are defined as they are introduced. 

The book is divided into three parts. Part One emphasizes the outstand- 
ing teatures of Taxonomy, Ecology, Palaeontology, Anthropology, Cytol- 
ogy, Histology, Embryology, and Pathology. In Part Two are grouped 
chapters dealing with the mechanisms of metabolism and reproduction 
including the integument, systems of digestion, circulation, respiration 
and excretion, together with the glands of internal secretion. Part Three 
is concerned with the mechanisms of motion and sensation. 

This book is recommended as a reference source for biology students in 
high school and as a text for college students in vertebrate zoology. 

LyLe F. STEWART 


THe Puoy_tum CHorpata, by H. H. Newman, Professor of Zoology in the 
University of Chicago. A Revision of Vertebrate Zoology. Cloth. Pages 
xiv +477. 1421.5 cm. 1939. The Macmillan Company, 60 Fifth Ave- 

ue, New York, N. Y. Prince $3.60. 


This text covers the whole Phylum Chordata, with emphasis upon the 
evolutionary history of the group, the interrelations of surviving groups, 
general principles illustrated by the group and significant aspects of their 
natural history. 

The first five chapters serve as a setting or introduction for the re- 
mainder of the text by describing the primitive true chordates and Hemi- 
chordata in addition to emphasizing the outstanding characteristics of the 
phylum and the principles of vertebrate evolution. The remaining nine- 
teen chapters include the following information: Primitive Veretebrates 
(description and classification), Pisces (general characteristics, shark-like 
fishes of the past and present, anatomy of a generalized vertebrate—dog- 
fish, bony fishes, teleost fishes), Amphibia (origin, past and present status, 
extinct orders, living representatives, anatomy of a generalized tetrapod— 
salamander), Reptilia (dramatic career of the reptiles, changes incident 
to terrestrial life, fossil pedigree of reptiles, modern reptilian orders), 
Aves (distinguishing characteristics, structures compared with those of an 
aeroplane, general anaiomy, origin and ancestry, general classification, 
birds of today, embryonic development), Mammalia (distinguishing char- 
acters, anatomy , origin and early evolution, Monotremes and Marsupials, 
orders of Placental Mammals, development or life-history of Marsupials 
and Placental Mammals). 
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This is an excellent textbook for college classes in vertebrate zoology. 
It is especially adapted for courses where the laboratory work and lectures 
are essentially independent, though supplementary. 

F. STEWART 


MATHEMATICS REVIEW EXERCISES, by David P. Smith, Jr., and Leslie T. 
Fagan, both Masters in Mathematics in the Lawrenceville School, New 
Jersey. Cloth. Pages vii+280. 14.523 cm. 1940. Ginn and Company, 
15 Ashburton Place, Boston, Mass. Price $1.28. 


This book is a collection of problems designed to cover the topics in- 
cluded in the College Entrance Examination Beta and Gamma require- 
ments. Most of the problems were taken from the College Entrance Ex- 
amination Board’s papers. 

The subjects included are Algebra and Arithmetic, Plane and Solid 
Geometry, Trigonometry and Advanced Algebra. There are also a few 
sections of correlated exercises which require a unified knowledge of alge- 
bra, geometry, and trigonometry. 

The book has many attractive features, not the least of these being the 
clear and attractive manner of presentation of the problems. There is an 
excellent classified section which enables the reader to find problems for a 
particular topic in the above mentioned subjects. The book should prove 
very useful as a supplement to the regular textbook in all high schools 
and even in some college courses. 

B. FRIEDMAN 
Wilson Junior College, Chicago 


Livinc MATHEmATICcs, by Ralph S. Underwood, Professor of Mathematics, 
Texas Technological College, and Fred W. Sparks, Professor of Mathe- 
matics, Texas Technological College. Cloth. Pages ix+365. 1523 cm. 
1940. The McGraw-Hill Book Company, 330 West 42nd Street, New 
York, N. Y. Price $3.00. 


The objects of this textbook are two fold: first, to provide enough of the 
conventional subject matter to meet practical credit-transfer requirements 
and second to foster an appreciation of the place of mathematics in modern 
life. 

The book provides a one-year course for those students who, presum- 
ably, will not take any more mathematics. The first part covers the funda- 
mentals of algebra such as removal of parentheses, addition of fractions 
and the laws of exponents. The second part deals with some of the high- 
lights in trigonometry, analytic geometry and calculus, winding up with a 
slight discussion of probability and the theory of numbers. 

The book is written in an amusing and jaunty style which, though it 
may shock by its novelty, will probably help in keeping the students in- 
teresied. 

B. FRIEDMAN 
Wilson Junior College, Chicago 


PLANE GEOMETRY, REVISED EpitT1on, by A. M. Welchons and W. R. 
Krickenberger, The Arsenal Technical High School, Indianapolis, In- 
diana. Cloth. Pages x X502. 1420 cm. 1940. Ginn and Co., Boston, 
Mass. Price $1.40. 


In this revision attempt has been made to include such topics as space 
geometry, everyday reasoning, and some elementary analytic geometry. 
The text follows many of the recently accepted suggestions for the teach- 
ing of geometry. There are many objective tests scattered throughout the 
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book. Whether or not the special features of the book offer a decided ad- 
vantage over other recently published texts is probably a matter of per- 
sonal opinion. Some might question the implication that the primary pur- 
pose of geometry is to teach the pupil how to reason. Others might feel 
that this is of prime importance and that the applications to everyday 
reasoning are very well selected. 

Occasional historical notes, illustrations of applications of geometry in 
various fields, and suggestions that there are subjects too difficult for the 
high school student are unquestionably of value. On page 413, the state- 
ment that x is transcendental because it cannot be the root of an algebraic 


equation is perhaps incomplete. Cecit B. READ 
University of Wichita 


PRACTICAL ALGEBRA WITH GEOMETRICAL APPLICATIONS, by John H. 
Wolfe, supervisor of Apprentice School, Ford Motor Co.; William F. 
Mueller, A.B., Head of Mathematics Dept., Ford Apprentice School; and 
Siebert D. Mullikin, B.S., Jnstructor of Mathematics, Ford Apprentice 
School. Cloth. Pages xiii +314. 12 X20 cm. 1940. McGraw-Hill Book Co. 
New York, New York. Price $2.20. 


The authors state that this book is an outgrowth of the need felt in the 
apprentice school for a practical geometrical algebra. One cannot glance 
through the book without recognizing the emphasis upon practical appli- 
cation. There seems to be, however, no neglect of fundamental algebraic 
principles. One is impressed by the many reproductions of shop drawings. 

The last chapter emphasizes gear and cam problems. A considerable 
portion is devoted to numerical trigonometry. A 5 place table of natural 
trigonometric functions is included. Even without a knowledge of cus- 
tomary practice in the industry, one is led to wonder at the complete ab- 
sence of any treatment of logarithms. 

Even if the text should not seem suitable in some course it would seem 
an excellent reference book for the library. It should furnish a very effec- 
tive answer for the student who sees no practical use in algebra. 

Cecit B. READ 
University of Wichita 


Tue THEORY OF GROUP CHARACTERS AND MATRIX REPRESENTATIONS OF 
Groups by Dudley E. Littlewood. Cloth. Pages viii+292. 16.5 24.5 
cm. 1940. Oxford at the Clarendon Press (Oxford University Press, 
London). Price $5.50. 


In the words of the author, the purpose of this book is to give a simple 
and self-contained exposition of the theory of group characters and to 
develop some of its contacts with other branches of pure mathematics. 
The first three chapter are devoted to matrices, algebras, and groups. It is 
assumed that this covers the specialized knowledge which might be re- 
quired of the reader. Granted that any college graduate with a major in 
mathematics should be able to read the work, it is rather doubtful that all 
such individuals would be able to do so. The method of presentation is 
frequently quite concise, although rigorous, and requires careful reading. 

Following the introductory three chapters, the author discusses the con- 
cept of a Grobenius algebra, showing the relationship to simple matrix 
algebras, and procedes to the definition of a group character. Among other 
topics treated are the symetric group; a method for the calculation of the 
characters of any group, (it is shown how many of the important properties 
of a group may be deduced from its table of characters); matrix groups; 
invariant matrices. 
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A bibliography of 77 items includes most of the original memoirs on each 
topic. At various points mention is made, directly or indirectly, of prob- 
lems which remain to be solved. 

Cecit B. ReaD 
University of Wichita 


Junior Matuematics, Books 1, 2 and 3, by Harl A. Douglass, Director, 
College of Education University of Colorado, and Lucien B. Kinney, Asso- 
ciate Professor of Education, Stanford University. Cloth. Book 1, vii +440 
pages; Book 2, vii+439 pages; and Book 3, vii+504 pages, 12.520 
cm. 1940. Henry Holt and Company, 257 Fourth Avenue, New York, 
Once, let us say twenty years ago, textbooks in mathematics were con- 

cerned mainly with arranging such topics as fractions, decimals, and per- 

centage in a logical order; many everyday problems were treated only 
briefly and even such topics as insurance and taxes were treated very 
sketchily. It would be easy to go to the other extreme and handle so many 
type of applications that the pupil failed to learn the fundamentals. The 
problem of every author is that of obtaining a proper balance between the 
extremes. To obtain a balance an author must be more than a scientist or 
psychologist or a good pedagogue. He must also be an artist—an artist 
with a sixth or seventh sense who intuitively feels when he has gone far 
enough in one direction, when he has treated one topic sufficiently, and 
when the pupils are losing interest in fractions and would like to hear 
something about insurance or taxes. And this series of books appear to 
be written by artists who understand the pupils for whom they are work- 
ing. 

The titles of the chapters in Book 3, for example, are: How Mathe- 

matics is used in Producing Food and Clothing. Organizing a Business. 

How Ratio help in Measurement. Personal Credit. Providing for Eco- 

nomic Security. Using the Right Triangle in Measurement. Government 

Activities and Expenditures. Statistical Methods Applied to Earnings, 

Health, and Safety. Mathematics in Scientific Work. What Algebra is 

and Some of its Uses. What Geometry is Like. Diagnostic and Remedial 

Program. But titles alone cannot indicate the nature of the treatment. 

Care has been taken to teach the fundamentals, to give meaning to all con- 

cepts. There are inventory tests, schock absorbers as preparations for 

tests, review exercises, remedial drills, tests in the form of hurdles, prob- 
lem scales, and vocabulary check-ups. One objection is that it takes, in 
book 3,500 pages to accomplish all this. Only an experienced teacher could 
find his way through so much material; and the pupil would doubtless feel, 
at the end of the year, that he has accomplished very little or what has 
been set before him. 

Josepu A. NYBERG 

Hyde Park High School, Chicago 


MATHEMATICS FOR Topay, Books 1 and 2, by Harl R. Douglass, Director, 
College of Eucation, University of Colorado, and Lucien B. Kinney, Asso- 
ciate Professor of Education, Stanford University. Cloth. Book 1, vii +437 
pages; Book 2, vii+447 pages. 12.520 cm. 1940. Henry Holt and 
Company, 257 Fourth Avenue, New York, N.Y. 


EVERYDAY MATHEMATICS, by Harl R. Douglass, Director, College of Edu- 
cation, University of Colorado, and Lucien B. Kinney, Associate Professor 
of Education, Stanford University. Cloth. Pages vii+503. 1940. Henry 
Holt and Company, 257 Fourth Avenue, New York, N. Y. 
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The two volumes of Mathematics for Today and the Everyday Mathe- 
matics are essentially a rearrangement of the material in the three-book 
series by the same authors, reviewed above. The Junior Mathematics series 
contains 32 units or chapters. Nine of these and one new unit make up 
Book 1 in Mathematics for Today; seven of them and four new units make 
up Book 2; and nine of them and two new ones make up the Everyday 
Mathematics. In the rearrangement of the material, however, the same 
order of the topics was not always followed. Thus, in Everyday Mathe- 
matics the unit of Government Activities and Expenditures precedes the 
unit on Personal Credit, and the latter precedes the unit on Organizing a 
Business. But the order of these units is the reverse of that in Book 3 
of the Junior Mathematics. In Everyday Mathematics the unit on Statis- 
tical Methods precedes the one on Providing for Economic Security, but 
in Book 3 this order is reversed. Again, in Book 2 of Mathematics for Today, 
Mathematics in Buying and Selling precedes How we Use the Bank; but 
in Book 2 of the Junior Mathematics this order is reversed. One can con- 
clude that much of the material in all six volumes has been so written that 
the teacher need not always follow the order of presentation in the books. 
We may regard these rearrangements as proof that each unit is well written 
and that the course of study is flexible. 

The preface of Everyday Mathematics states that this text has been in- 
fluenced by the suggestions in Chapter VI of the Report of the Joint Com- 
mission on the Place of Mathematics in Secondary Education. However, 
the algebraic, graphic, trigonometric and other work suggested on pages 
103 to 107 of this report are entirely missing from Everyday Mathematics. 
Those pages state quite clearly that the course should survey the field of 
high school mathematics so that the pupil can see that mathematics con- 
sists of more than arithmetic. Book 3 of the Junior Mathematics is a slightly 
better approximation to the report since it contains at least some work on 
algebra, geometry, and the trigonometric ratios. But in both books many 
of the recommendations have been disregarded. Disregarding this feature, 
teachers will find that all six volumes contain a wealth of material, excep- 
tionally well presented and organized. 

JoserH A. NYBERG 
Hyde Park High School, Chicago 


NEW POPULAR SCIENCE BOOKS 


BILL AND THE Brrp BANDER, by Edna H. Evans. Cloth. 228 pages. 
1522 cm. 1940. The John C. Winston Company, 1006-1016 Arch 
Street, Philadelphia, Pa. Price $1.50. 


A series of entertaining stories embodying many scientific data. Excel- 
lent for boys and girls in the grades. 


You Don’r HAvE To BE Ricu, by Allan Herrick. Cloth. Pages viii +235. 
12.5 18.5 cm. 1940. D. Appleton-Century Company, 35 West 32nd 
Street, New York, N. Y. Price $1.75. 


A practical book for the family who must live on limited income. Each 
chapter discusses a problem and gives some practical aid in its solution. 


EXPERIMENTING AT HOME WITH THE WONDERS OF SCIENCE, by Eugene 
Hodgdon Lord, Teacher of Physics and General Science, Boston Latin 
School, Boston, Massachusetts. Cloth. Pages xii +243. 13 cm. 1940. 
D. Appleton-Century Company, 35 West 32nd Street, New York, N. Y. 
Price $2.00. 


7 
| te 
cng 
“a 
ry 
i 
| 
{ 
| 
| 


900 SCHOOL SCIENCE AND MATHEMATICS 


Nearly a hundred easy experiments in physics and chemistry to be done 
with home equipment. Each experiment is written in three parts: what to 
use, what to do, how it works or why it happened. For junior and senior 
high school pupils. 


SCIENCE WITH SIMPLE THINGS, by Raymond F. Yates, Author of “Ex- 
ploring with the Microscope,” “‘How to Make Electric Toys,” etc. Cloth. 
Pages xv +245. 13.5 20.5 cm. 1940. D. Appleton-Century Company, 
35 West 32nd Street, New York, N. Y. Price $2.50. 


This book describes and explains many scientific concepts and phe- 
nomena met in daily life. It covers many of the topics of an elementary 
physics course but omits the quantitative and technical aspects that make 
physics uninviting to many boys and girls. 


THE PERCEPTION OF LicHT, by W. D. Wright, Lecturer in Physics, Im- 
perial College of Science and Technology Consultant Physicist, Electric 
and Musical Industries, Ltd. Cloth. 100 pages. 12.x18.5 cm. 1938. 
Blackie and Son Ltd., 17 Stanhope Street, Glasgow, Scotland C. 4. 
Price 6s. net. 


This is a book for lighting engineers and others interested in problems of 
‘illumination and vision but it is not too difficult for the reader with a gen- 
eral education. 


THE WAVE NATURE OF THE ELEcTRON, by G. K. T. Conn. Cloth. Pages 
vi+78. 1218.5 cm. 1938. Blackie and Son, Limited, 50 Old Bailey, 
London, E. C. 4. Price 3s. 6d. net. 


A companion to The Nature of the Atom by the same author and reviewed 
in a previous issue. Excellent for the student of science who has not 
specialized in modern physics. 


Opp NUMBERS OR ARITHMETIC REVISITED, by Herbert McKay. Cloth. 
215 pages. 12.5 X 19.5 cm. 1940. The Macmillan Company, 60 Fifth Ave- 
nue, New York, N. Y. and The University Press, Cambridge, England. 
Price $2.50. 


A very interesting book for all those who are intrigued by concepts in- 
volving number such as logarithms, proportion, weights and measures, 
approximations, etc. Plenty of ideas for the Mathematics Club. 


TuINnGs A Boy Can Do witH Cuemistry, by Alfred Morgan. Cloth. Pages 
xvii +288. 13 X20.5 cm. 1940. D. Appleton-Century Company, 35 West 
32nd Street, New York, N. Y. Price $2.50. 


Over a hundred experiments on the practical uses of chemistry. De- 
scriptions, explanations, and supporting theory all given in a style to inter- 
est young students. Reliable and thorough. 


THe CHEemist AT WorkK, by Roy I. Grady, and John W. Chittum, Pro- 
fessors of Chemistry, College of Wooster, Wooster, Ohio, and Others. Cloth. 
Pages xv +454. 12.5 X20 cm. 1940. Journal of Chemical Education, 20th 
and Northampton Streets, Easton, Pa. Price $3.00. 


A book to assist chemistry students in selecting the field in which they 
may hope to be most successful. Fifty-two jobs in chemistry analyzed. 
Every chemistry student should read it. Every chemistry teacher should 
own a copy. 


HOW LEONARDO GOT A JOB 


Copied from the Hall of Science, New York World’s Fair 
by Joun L. CLarK, New London, Conn. 


(A pplication written by him in 1482, at the age of 30, to Ludwig the Moor 
of Milan.) 

Having most illustrious Sir, seen and considered the experiments of all 
those who profess to be the masters in the art of invention of the apparatus 
of war, and having found that their instruments do not differ materially 
from those in general use, I venture, without wishing injury to anyone, to 
make known to Your Excellency certain secrets of my own, briefly enumer- 
ated as follows:— 

1. I have a process for the construction of very light bridges, capable 
of easy transport, by means of which the enemy may be pursued and put to 
flight; and of others more solid, which will resist both fire and sword, and 
which are easily lowered and raised. I know also of a means to burn and 
destroy hostile bridges. 

2. In the case of the investment of a place, I know how to drain moats 
and construct scaling ladders and other such apparatus. 

3. Item; If, by reason of its elevation or strength it is not possible to 
bombard a hostile position, I have a means of destruction by mining pro- 
vided the foundations of the fortress are not of rock. 

4. I know also how to make light cannon easy of transport capable of 
ejecting inflammable matter, the smoke from which would cause terror, 
destruction, and confusion among the enemy. 

5. Item; By means of narrow and tortuous subterranean tunnels, dug 
without noise, I am able to create a passage to inaccessible places, even 
under rivers. 

6. Item; I know how to construct secure and covered wagons for the 
transport of guns into the enemy’s lines, and to be impeded by ever so 
dense a mass, and behind which the infantry can follow without danger. 

7. I can make cannon, mortars, and engines of fire, etc., of form both 
useful and beautiful, and different from those at present in use. 

8. Or if the use of cannon happens to be impracticable I can replace 
them by catapults and other admirable projecting weapons at present un- 
known; in short, where such is the case, I am able to devise endless means 
of attack. 

9. And, if the combat should be at sea, I have numerous most powerful 
engines both for attack and defence; and ships which are both sun-proof 
and fire-proof; and also powders and inflammables. 

10. In times of peace, I believe I can compete with anyone in architec- 
ture, and in the construction of both public and private monuments, and 
in the building of canals. I am able to execute statues in marble, bronze, 
and clay; in painting I can do as well as anyone else. In particular I will 
undertake to execute the bronze horse in eternal memory of your father 
and of the very illustrious house of Sforza, and if any of the above-men- 
tioned things appear to you impossible or impracticable, I will offer to make 
an attempt at it in your park or in any other place which Your Excellency 
may please to choose, to which I commend myself in all humility. 


Forest industry is in transition from the old order to the new. It is 
gradually changing its methods and its thinking from the old viewpoint 
of timber as a mine to the newer viewpoint of timber as a crop. 


—W. B. GREELEY, in Journal of Forestry 
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WELCHONS-KRICKENBERGER 


PLANE GEOMETRY 


BOSTON 


COLUMBUS 


Revised Edition 


An outstandingly successful text in a new, up-to-date edi- 
tion. Introducing space geometry, everyday reasoning, 
closer correlation of geometry with algebra, and other 
features in line with the latest trends in the teaching and 


learning of geography. 


Price $1.40, subject to the usual discount 


GINN AND COMPANY 


NEW YORK 


CHICAGO ATLANTA DALLAS 


SAN FRANCISCO 


Three Significant Handbooks on Mathematics! 
By SAMUEL |. JONES 


MATHEMATICAL WRINKLES $3.00 
MATHEMATICAL NUTS $3.50 
MATHEMATICAL CLUBS AND RECREATIONS $2.75 


Sent postpaid 


"Just a line to compliment you on the excellence of the just published ‘Mathematical 


Clubs and Recreations.’ 


"This book should be in the hands of every teacher of mathematics.” 


—The Editor, "Scripta Mathematica” 


S. |. JONES CO., PUBLISHER 


1122 Belvidere Drive 


Nashville, Tenn. 


schoots stared 


year using the book that will be 
advertised here in next issue. 


School Magazines 


with all special and _ short- 

Me, — offers. Free catalog to 
and teachers. Sen 

ée ‘for first-class postage. 


Agente wante re to sell all 
magasines. Lib mmissions! Ask 
NW for information. Dept. 88 


SUB Acy 


Monographic Letters Nos. 19 and 20. 
“RULER AND COMPASS IN ALGEBRA" 


Free to mentioners of this advertisement 


THE MONOGRAPHIC PRESS 
106 Washington St., Fairhaven, Mass. 


Please Mention School Science and Mathematics when answering Advertisements 


Two 
Important 
Books 


BIOLOGY IN THE MAKING 


Snyder 


Interesting background material for biology classes, 


tracing the development of the most important fields of 


further 


information 


biology from Aristotle to the present. $2.80 


UNDERSTANDING RADIO 


Watson, Welch and Eby 


A basic text, with laboratory directions, which provides 


an introduction to radio principles and practice in simple 


Write for and non-technical language. $2.80 


McGRAW-HILL BOOK COMPANY, Inc. 


330 West 42nd Street New York 


ECOLOGY 
Devoted to All Forms of Life in Relation to Environment 


FRANCIS RAMALEY, Botanical Editor 
THOMAS ParK, Zoological Editor 


Established 1920. Quarterly. Official publication of the Ecological Society of America. 
Subscription, $5 a year for complete volumes (January-October). Parts of volumes are 
to be had only at the single number rate. Back volumes as available, $6 each. 

Single number, $1.50 post free. Foreign postage: 40 cents. 


GENETICS 
A Periodical Record of Investigations Bearing on Heredity and Variation 
M. M. RHoapEs, Managing Editor 


Established 1916. Bimonthly. 

Subscription, $6 a year for complete volumes (January-December). Parts of volumes 
are to be had only at the single number rate. Single numbers, $1.25 post free, Back 
volumes, as available, $7 each. Foreign postage: 60 cents. 


GARDENS WITHIN A GARDEN 
A Guide to the Grounds of the 
Brooklyn Botanic Garden 


57 Pages, 21 Illustrations. Folded Map. Price, 25 cents; By mail, 30 cents. 


Orders Should Be Placed With 


The Secretary, Brooklyn Botanic Garden 
1000 Washington Avenue Brooklyn, N.Y., U.S.A. 
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The 

MODEL 
MICROSCOPE 


| 


Here is a new Bausch & Lomb 
Laboratory Microscope de. 
signed especially for teaching 
elementary Botany, Zoology and Biology in high school or college. Its 
rugged, simple construction makes it an ideal instrument for the hard 
usage received in classroom service. Here are some of its features: 


1. Standard rack and pinion, coarse adjustment and This instrument is standard in every 
B&L Patent, side fine adjustment. P 

respect, and students who are trained 

in its use are well prepared for future | 

work with more advanced models. Far | 

4. Revolving, dustproof nosepiece, centered and complete details, write to Bausch & 


parfocalized. Lomb Optical Co., 710 St. Paul St, 
5. Takes all standard objectives and eye-pieces. Rochester, N. Y. 


2. Large stage—alcohol and reagent proof. 


3. Iris diaphragm permanently centered for light 
control and extra size mirror, plane and concave. 


BAUSCH & LOMB 
OPTICAL COMPANY 
est. 


FOR YOUR EYES, INSIST ON BAUSCH & LOMB EYEWEAR, MADE FROM BAUSCH 
& LOMB GLASS TO BAUSCH & LOMB HIGH STANDARDS OF PRECISION 
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Were half the power that fills the world with terror, 
Were half the wealth bestowed on camps and courts, 
Given to redeem the human mind from error, 
There were no need of arsenals and forts. 


—HENRY WADSWORTH LONGFELLOW 


CONTENTS FOR DECEMBER, 1940 


Addition by Dissection—Robert C. 801 
The Presentation of Atomic Structure to College Freshmen, 1905- 
The Plight of High School Physics. V. Social Implications—H. Em- 
Science Serving the Student—Pauw V. 824 
New Number Systems vs. the Decimal System—J. T. Johnson...... 828 
Casting Fusible Metal for Teaching Physical Change—Harold J. 
A Science Club That Had a Future—Carrol C. Hall..............+. 840 
Some Simple Numerical Relations of Our Common Weights and 
Remagnetizing Old Compasses—Wi . C. 844 
Formulas for Volume by Simple Algebra—John J. Corliss.......... 846 


Humanizing the Physical Science Term Report—Bailey W. Howard. 851 
An Improved Sequence in Physics—Elbert Payson Little and Russell 


The Mathematics of the Modern Curriculum—Carl G. F. Franzen... 862 
Easy Atomic Drawings—Philip B. Sharpe. 867 
A Simple High Dispersion Spectrometer—Roy D. Black............ 869 
A Note on Simple Interest—James K. Hitt... 873 
Inconsistencies in Number Classification—Cecil B. Read........... 876 
Chemistry and the Farm Folk School—Ralph E. Dunbar........... 877 
Plaster of Paris Molds in Elementary Science—Charles H. Stone..... 879 
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Problem Department—G. H. Jamison...... 884 
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MATHEMATICS 


TO MEET MODERN NEEDS 


HART AND JAHN’S 
Mathematies 
in Action 


Book One—Grade 7 
Book Two—Grade 8 
Book Three—Grade 9 


HART AND GREGORY’S 


Socialized General 
Mathematies 
With Workbook 
Grade 9 


D. C. HEATH AND COMPANY 


MIDLAND 


Mathematical Games and Puzzles 
Just-for-fun Mathematics 


Add to your puzzle collection 


MOVING DAY 


Colored wood counters. Attractively 
made and neatly boxed. Hours of de- 
lightful recreation. Moving Day is a 
Midland Prize Puzzle. Prize rules 
with the game. 25¢. Order today. OLD 
GLORY 30¢. 


The Midland Game Company 


Indianapolis, Indiana 


Our business is your pleasure 


SCIENCE IN MODERN 
LIVING SERIES 


Prepared by the Bureau of Educa- 
tional Research in Science of 
Teachers College, Columbia 
University 


Valuable teaching material, designed 
especially to relate science to prob- 
lems of modern living. Written in 
non-technical language, each volume 
deals with some phase of contem- 
porary science with its social and 
economic aspects. 


LIFE AND ENVIRONMENT. An 
interpretation of situations and 
problems arising out of the inter- 
relations between human _ society 
and its living and non-living en- 
vironment. By Pavut B. SEars, 
Professor of Botany, Oberlin Col- 
lege. 175 pp. Cloth $1.85. 


THE STOREHOUSE OF CIVILIZA- 
TION. An account of the role of 
the earth’s materials in shaping our 
modern civilization. Contains indus- 
trial and technological facts that 
are invaluable to students of every- 
day living. By C. C. Furnas, As- 
sociate Professor of Chemical 
Engineering, Yale University. 562 
pp. Illus. Cloth $3.25. 

THE CONTROL OF ORGANISMS. 
The story of man’s efforts to domi- 
nate and control undesirable or- 
ganic factors of his environment. 
Calls for an awakened conscious- 
ness of the problems of overcoming 
these natural enemies and competi- 
tors. By Frepertck L, Fitzpatrick, 
Professor of Natural Sciences, 
Teachers College, Columbia Uni- 
versity. 336 pp. Illus. Cloth $2.75. 

SCIENCE EDUCATION IN CON- 
SUMER BUYING. By Georce L. 
Busu. In press. 

GENES AND THE MAN. By H. 
BENTLEY GLAss. In press. 


SUGGESTIONS FOR TEACHING 


SELECTED MATERIAL FROM THE FIELD 
OF GENETICS. By Anita D. Laton, 
Epna W. Bairey and others. 66 pp. 
Paper 50 cents. 

a MATERIAL FROM THE FIELD 

SEX RESPONSIVENESS, MATING 
AND REPRODUCTION. By Anita D. 
Laton and Epna W. Balt ey. 113 pp. Paper 
75 cents. 


BUREAU OF PUBLICATIONS 


Teachers College, Columbia University 
New York City 
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Make Your Own Micro Mounts 
with this MICROTECHNIKIT 


Everything you'll need—including even the specimens—is provided in 


this complete and thoroughly practical outfit for micro slide making. 


And the accompanying Handbook gives explicit instructions for every 


step in the process. 


In addition to stains, reagents, glassware and slide making tools, the 
MICROTECHNIKIT includes: Pre-Stained Plant and Animal Sections, 
Ready-Cut Plant and Animal Tissues, Plant and Animal Materials for whole 


mounts. 


From those expertly prepared specimens, you can make slides to the value 
of twenty dollars . . . which is more than the cost of the complete outfit. 


A complete description is yours for the asking 


CAMBOSCO ‘Scientific Company 
BRIGHTON STATION BOSTON 
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@ Like much of the laboratory apparatus offered by 
the Chicago Apparatus Company this new lecture 
trough takes advantage of the accepted fact that 
knowledge is most easily absorbed and retained 
through the sense of sight. 


Thus, because of its transparency, this pneumatic 
trough will doubly increase the value of lectures de- 
voted to the preparation of gases. It enables students 
to become fully acquainted with the procedure and 
principles of the water-displacement method of gas 
collection—a method which they will often employ 
in their own future individual laboratory work. This 
visibility-feature combined with the exceptional stur- 
diness of construction and other advantages listed 
opposite should prompt you to include this trough on 
your immediate “want” list. 


HCE. 


CONSTRUCTION FEATURES 


SIDES: Pilate glass, %4 inch 
thick with smooth, rounded 
top edges. 

FRAME: Heavy metal, finely 
finished with base of extra 
thick slate. 

OVERFLOW PIPE: Remov- 
able, convenient for quick- 
ly emptying trough. 

SIDE NIPPLE: Convenient for 
draining off excess water. 
SHELF: Cut-away type to in- 
sure full visibility, bottom 
opening with nipple to fa- 
ciliate centering of inverted 

bottle. 

SIZE: Outside dimensions, 9 x 
13 inches by 8 inches high. 
Capacity, 10 quarts. 

NO. 80585 METAL-FRAME 
GLASS 
PNEUMATIC TROUGH 


HICAG 
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CENTRAL ASSOCIATION OF SCIENCE AND 
MATHEMATICS TEACHERS, INC. 


GENERAL OFFICERS 


Nathan A. Neal, President 
Rhodes High School, 
Cleveland, Ohio. 

C. J. Leonard, Vice President 
Southeastern High School, 
Detroit, Mich. 

Harold H. Metcalf, Secretary 
Oak Park-River Forest Twp. 

H. S. 
Oak Park, 

W. F. Roecker, Treasurer 
Boys’ Technical H. S. 
Milwaukee, Wis. 


BOARD OF DIRECTORS 


Mrs. Marie S. Wilcox 
George Washington H. S. 
Indianapolis, Ind. 

J. S. Georges, 

Wright City Junior College 
Chicago, IIl. 

Ray Lambert, 

Walnut Hills H. S. 
Cincinnati, Ohio. 

Ersie S. Martin 
Arsenal Technical H. S. 
Indianapolis, Ind. 

J. M. Kinney, 

Wilson Junior College 
Chicago, IIl. 

W. R. Teeters, 

Board of Education Bldg. 
St. Louis, Mo. 

Pauline Royt, 

Horace Mann Junior H. S. 
West Allis, Wis. 

Franklin Frey, 

Township H. S. 
Waukegan, III. 

H. A. Grabau, 
Lincoln H. S. 

Des Moines, Iowa. 

Veva McAtee, 

George Rogers Clark School, 
Hammond, Ind. 

George K. Peterson, 

North High School 
Sheboygan, Wis. 

A. C. Brookley, 

Township High School, 
Harvey, IIl. 

Edwin W. Schreiber, 

State Teachers College 
Macomb, IIl. 


SECTION OFFICERS 
Biology 
Ch.—A. G. Grosche, 
Township High School 
Waukegan, IIl. 
V. Ch.—J. W. Rhodes, 
Senior High School, Beloit. 
Sec.—John C. Mayfield, 
University of Chicago H. S. 
Chemistry 
Ch.—Ray C. Soliday 
Oak Park-River Forest Twp. 
H. S., Oak Park. 
V. Ch.—Sherman R. Wilson 
Northwestern H. S., Detroit. 
Sec.—Carrol C. Hall 
High School, Springfield. 
Elementary Science 
Ch.—Dr. W. C. Croxton 
State Teachers College 
St. Cloud, Minn. 
V. Ch.—Mary Melrose, 
Supt. Elementary Schools 
Cleveland, Ohio. 
Sec.— Margaret L. Wilt 
Bur. of Curriculum, Chicago. 
General Science 
Ch.—R. Emerson Park, 
Oak Park-River Forest Twp 
H. S., Oak Park. 
V. Ch.—Charles W. Franklin, 
Meridian H. S., Kokomo. 
Sec.—Joseph E. Dickman, 
11445 Prairie Ave., Chicago. 
Geography 
Ch.—Katherine U. Isenbarger, 
2200 Greenleaf Ave., Chicago. 
V. Ch.—Helen Turner 
Oak Park.-River Forest H. S. 
Oak Park, 
Sec.—G. M. Braithwaite, 
Centennial H. S., Decatur. 
Mathematics 
Ch.—F. W. Runge, 
Commercial H. S., Evanston. 
V. Ch.—H. G. Ayre, 
State Teachers College, Macomb. 
Sec.—Agnes MacNeish, 
Tilden Technical H. S., Chicago. 
Physics 
Ch.—O. C. Osborn, 
Central Senior H. S., South Bend. 
V. Ch.—George E. O. Peterson, 
Schurz High School, Chicago. 
Sec.—C. O. Bower 
East Technical H. S., Cleveland. 
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STAINLESS STEEL 
VERNIER CALIPER 


Metric and English. ENTIRE CALIPER MADE 
OF STAINLESS STEEL. 


Metric Graduations 0-12 cm in mm; Ver- 


nier to 0.1 mm. 


English graduations 0-5 inches in | éths; 
Vernier to 1/128 inches. 


Movable Jaw slides freely and is held in 
place by a spring contact. NO SCREWS 
TO TIGHTEN. 


Convenient knurled wheel for easily 
moving the jaws. 


Inside-outside caliper and 


depth gauge. 


WRITE FOR SAMPLE \* 
ON APPROVAL 


No obligation to purchase. May be returned 
any time within thirty days. 


SEE WELCH 
JULY 1940 
CATALOG PAGE | 


W. M. Welch Scientific Company 


Established 1880 
1515 Sedgwick Street Chicago. Illinois, U.S.A. 
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Third Edition of 
AMERICAN PLANT NAMES 


By WILLARD N. CLUTE A Perfect Set 
This is the second addition to the first edition, 
making a total of 20,000 common names ar- 
ranged under their correct technical equiva- Volume I, Number |, 


lents. No reference library should be with- 


out it. through 
286 pages—$3.00 postpaid 
Common Names of Plants ($3) and Second Volume 39, Number 9 
Book of Plant Names ($3) give the meanings 
of a large number of these names. School 


WILLARD N. CLUTE & CO. 


Indianapolis, Ind. Science and Mathematics 


Only one available 
Write now 
ACK NUMBER ” 
Bas ISSUE ANY VOLUME School Science and 
1904 Write for Quotation 1939 . 
A Standard Journal for Leading Libraries Mathematics 
Subscription ...$2.50 Foreign ........ $3.00 3319 N. 14th St. 
Current issue .. .35 Back numbers 40c& up Milwaukee Wisconsin 
' 


Social MATHEMATICS in 
Large Units of Instruction 


In three large units of instruction, each providing continuity of interest over a 
full semester of mathematics, Boyce-Beatty pupils learn the mathematics they 
need by studying its concrete applications to today’s social problems. Throughout, 
the present interests of 7th to 9th grade pupils are the criteria of the materials 
presented. The FINANCE UNIT deals with the mathematics of family problems; 
the HEALTH UNIT with the mathematics of personal, community, and national 
health; the LEISURE UNIT with the mathematics of leisure pursuits. These 
units allow your mathematics classes to correlate their work with that of other 
subjects, as recommended by the National Committee on Mathematical Require- 
ments. 


Boyce-Beatty Units for Today’s Young Citizens: 
MATHEMATICS OF EVERYDAY LIFE SERIES 


FINANCE UNIT, 74¢ HEALTH UNIT, 84¢ LEISURE UNIT, 84¢ 
GEOMETRY UNIT, 96¢ DRILL UNIT, 85¢ 


Examine these units on 30-day approval 


INOR PUBLISHING CO. 
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About TEACHER TEAMWORK WITH A PROBLEM PUBLIC 


by C. R. VAN NICE 


They Say... 


A secretary of a state teachers association: “Here is one 
author who has really come down and told us the truth 
about the school situation.” 

The editor of a teachers journal of national circulation: 
“He not only hit the nail on the head, but drove it 
entirely up.” 

A high school principal: “It has everything. It shocks us 
by pointing out the fix we are in, then shows us how to 
get out of it.” 

A city superintendent: “My teachers are reading it 
voluntarily and enjoying it immensely.” 

A County superintendent: “Ii is an entertaining book 
full of just pure common sense. It should be read by 
every educator, every patron, every taxpayer, every Citi- 
zen,” 

A staff member of the NEA: “I have enjoyed it im- 
mensely.”’ 

A state superintendent: “Every statement offers a chal- 
lenge to constructive thinking and shows teachers the 
Price $2.00 way toward a promising future.” 

Order your copy now from 


School Activities Publishing Company 
1515 Lane Street, Topeka, Kansas 


YOUR OWN TESTS !!! 


Make Them with the Help of JONES’S BOOKLETS 


Real Questions from Actual Examinations 


PROBLEMS & QUESTIONS ON PLANE GEOMETRY 

CHEMISTRY SOLID GEOMETRY 

PHYSICS TRIGONOMETRY & LOGS 

ALGEBRA 

OUTLINES OF PHYSICS BY A. C. PALMER ; 

Other booklets of Real Questions— ; 
First Latin American History French A 
Second Latin Ancient History French B 
German A European History French Test Papers 
German B English French Grammar Essentials 


Comprehension Tests in German 


Twenty separate pamphlets. Prices—50 cents, except First Latin, Second Latin, French Gramma1 
Essentials, 60 cents; German A, German B, Comprehension Tests in German, French Test 
Papers, and English, 40 cents each. Customary discounts. | 


Teacher’s copy free if order for class use follows. Sample copy, half price. 


Published and for Sale by 


THE UNIVERSITY SUPPLY & BOOK CO. 
10109 Wilbur Ave., Cleveland, Ohio. 
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WE COVER THE EARTH 


is read by'subscribers in every state of the Union, all 
provinces of Canada,and thirty-three foreign countries. 


and It is owned by teachers, managed by teachers, and edited 
by teachers. 


School Science 


Mathematics 
It comes to your desk every school month. 


Interesting Articles in Volume 39 


Making Laboratory Work in Physics Functional—Teaching Geometry and 
Logic—The Function of Biology in General Education—Consumer Chemistry 
—The Program of Science in 1950—Magic Math—The Acoustics of Audi- 
toriums and Classrooms—Optics of the Eye—The Equinoxes—A Simple 
Nitrogen Fixation Apparatus—The Classroom Film—Using and Preparing 
a Mathematics Exhibit—A Philosophy of Science Teaching—Biological En- 
gineering—Suggestions for the Care of Pets—Our Geometric Environment. 


Helpful Reprints and Supplements 


hen Test te $.10 
Mock Trial of B versus A—A play for the Mathematics Club ............ 40 
100 Topics in Mathematics—for Programs or Recreation .............. 25 
Fractional, Zero and Negative Exponents—A Unit in Algebra ........ .20 
Teaching Mathematics: New Materials and Equipment ................ 15 
The Radical Dream—A Mathematical Playlet for Puppets ............. .20 
Point College—A mathematical farce .20 
Modern Periodic Arrangements of the Elements; illustrated ............ .25 
The King of Plants. A play for science clubs ..................ceeeeeee 25 
Three Families of Great Scientists: Dramatized ....................... 1S 
Some Lessons About Bees. A 32-page booklet; illustrated .............. 25 
The Triumph of Science. A play for auditorium programs ............. 25 
In a Sound Studio. A play: Physics and Music ...................cee0e: 25 
Safety First. A Unit in Eighth Grade General Science ................... .20 
Science Library. Recent books for high schools ........................ 10 
Laboratory Work in Single Periods: Method .....................005: 15 
Modern Science Teaching Methods: Demonstrations .................. 25 
Science in the Grades: Practical Contributions—35 pp. .................. 40 
An English Christmas Tree—A Conservation Play .................... 25 
Extracting Aluminum. A one act chemistry play ..................+.+4. .20 
Vitalizing Chemistry Teaching. A Unit on the Halogens .............. 15 
Telescope Making. Illustrated 25 
The History of Arithmetic—200 pages; 1.50 


SCHOOL SCIENCE AND MATHEMATICS 
Price $2.50—Foreign $3.00. 
No numbers published for July, August and September 
3319 N. Fourteenth Street, Milwaukee, Wis. 
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WEATHER 
A Subject for Every 


Science Class 


76875 76960 


76875 BAROMETER, Aneroid, Cenco-Taylor, Metric & English with Weather 
Indications, for forecasting weather conditions from changes in baro- 
metric pressure. Consists of a well made aneroid barometer with 3% inch 
dial, in an artistically designed mahogany-finished wood case. An altitude 
dial for elevations from 0 to 3500 feet is provided on the back, which, when 
set at the user’s altitude, gives indications of barometric pressure reduced 
to sea level to correspond with the U. S. Weather Bureau reports. The 
dial shows both metric and English mercury pressure scales, and in addi- 
tion shows the weather forecast both with rising and falling barometric 
pressure, for all pressure indications. The transparent dial cover is fitted 
with a movable index, by means of which the change in barometric pres- 
sure from one reading to another may instantly be determined. The 
over all dimensions of the instrument are 12.5 by 12.5 by 4.5 cm. It may 
either be stood on a desk or hung on the wall ................ Each $5.00 


76960 HYGROMETER, Airguide, for the direct indication of per cent of 
relative humidity and the temperature of the surrounding air. It is de- 
signed for indoor use only, and requires no calculations or reference to 
tables or charts, 


The instrument consists of a moisture-sensitive element and a red fluid- 
filled thermometer. The square silvered-metal dial is graduated from 0 to 
100 per cent relative humidity in 10 per cent divisions. Dimensions: Dial, 
2% inches square; width, 24 inches; length, 7% inches; depth, 1 inch . 
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